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NOTE

While this document was being prepared for publication, the Depart-
ment of Defense announced 111 organizational changes on November
22, 1974. Consequently, the Air Force announced plans to reorganize
and realign the mission and programs of the Air Force Cambridge
Research Laboratories (AFCRL). Intended was a redesignation of the
AFCRL as the Air Force Geophysics Laboratory (AFGL), with the
consolidation of its geophysics research, which formed the major part of
AFCRL, to form the new Laboratory. AFCRL clectronics research was
to be transferred to a new clement to be LStdbllSh(,d to perform Com-
mand, Control, and Communications (C rescarch. In conjunction with
ongoing programs at the Rome Air Dcvclopmcnt Center (RADC), this
new organization was subsequently named the Office of the Deputy for
Elcetronic Technology, and located at Hanscom AFB. This organization,
established on January 1, 1976, was assng,ncd to the Rome Air Develop-
ment Center, to be responsive to the C2 needs of the Electronic Systems
Division at Hanscom AFB. The Air Force Cambridge Research Labora-
torics were redesignated as the Air Force Geophysics Laboratory on
January 15, 1976.

This document has been approved for public release and sale;
its distribution is unlimited.

Qualified requestors may obtain additional copies from the
Defense Documentation Center. All others should apply to the
Clearingtiouse for Federal Scientific and Technical Information.
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Foreword

The first Report on Research at the Air
Force Cambridge Rescarch Laboratories
covered research -during the period
January 1961 through June 1962. This, the
seventh report in this series, covers the
period July 1972 through june 1974. The
rescarch laboratory begun as the Cam-
bridge Field Station on September 20,
1945, has grown through almost 30 years,
and has made contributions to Air Force
operations, to technology, and to scientific
knowledge out of all proportion to its size
and to the Air Force investment in its pro-
grams, The broad span of research covered
by this book has a single unifying theme —
the Air Force missions of surveillance, de-
tection, communication, and navigation.
During the past few years, the Laboratories
have responded to the combination of in-
creasing demands and declining resources
faced by the entire Air Force by focusing
their research programs more and more
closely on the operational needs of user
commands. Although only a few of the
programs involve operational hardware,
they are all closely related to present or
foreseen problems of the operational Air
Force.

(B et Shegaf

BERNARD S. MORGAN, JR.
Colonel, USAF
Commander
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| Air Force Cambridge
Research Laboratories

The Air Force Cambridge Research
Laboratories (AFCRL) has served the
United States Air Force for more than 25
years by conducting basic and applied re-
search to meet known and anticipated
military needs and requirements. This re-
port describes the programs, activities, and
accomplishments of AFCRL for the period
July 1, 1972 to June 30, 1974.

The largest research- laboratory in the
Air Force, AFCRL conducts technical
programs covering a broad spectrum of
disciplines in the environmental sciences
and selected areas of electronics. AFCRL is
an in-house laboratory with a professional
staff of almost 600 scientists and engineers.
Its in-house programs are supported by
contractual research in universities and-in-
dustry.

The research programs of AFCRL are
summarized in the mission statement:
Conducts research in those areas of the environ-
mental, physical and engineering sciences offer-
ing the greatest potential to the continued
superiority of the Air Force's operational capabil-
ity; conducls specifically assigned exploratory de-
velopment effoﬂs mvolvmg the environmental,
physical and engineering sciences; participatesin
establishing advanced technologies whose exploi-

tation will lead to new Air Force capabilities.

ORGANIZATION AN’ PEOPLE: AFCRL's
former headquarters organization, the Of-
fice of Aerospace Research (OAR), was
deactivated on July 1, 1970, when AFCRL
became a part of the Air Force Systems
Command (AFSC). AFCRL became one of
12 laboratories under the Director of Sci-
ence and Technology, Headquarters Air

Sl oo, . s ke

| ¢

]
H

+
L e e W e -k emda N




Force Systems Command, at Andrews
AFB, Maryland.

Themerger of AFCRLinto the AirForce
Systems Command was intended to focus
the research and development activities of
the Laboratories more directly on evolving
Air Force systems, technology, and re-
search requirements. AFCRL's previous ef-
forts were coupled with both immediate
and long range Air Force needs, and a firm
and extensive data and technology base was
developed. The continuing pressure on the
Air Force budget resulted in a need to
utilize AFCRL’s expertise in solving user-
command problems, concentrating on
those areas where technology can have the
largest and most rapid impact on the opera-
tional Air Force.

To achieve and maintain this tight cou-
pling, the AFCRL annual Laboratory
Technical Program Reviews were rein-
stated to give management an overview of
Laboratory programs, and two new annual
reviews were begun to review the programs
on finer scales. Each unit of work which can
be described as a separate entity and which
justifies an annual report on progress is
reported -separately as an In-House Work
Unit. This system is designed to give man-
agement the best and most timely informa-
tion possible on work unit, project, and
program objectives, progress and plans.

Reductions in number of employees
were directed by Systems Command He:ad-
quarters. The number of officers and air-
men authorized was cut from 175 on July 1,

AFCRLs main laboratory complex is located
at L. G. Hanscom AFB, Bedford, Mass., ap-
proximately 20 miles west of Boston.

el U W . 7 o b 5 2Nt MR 5k MBI R oA

1972, to 156 on June 30, 1973 and to 155 0on

June 30, 1974, Civilian employment was-

reduced more sharply, from 981 on July 1,
1972 10 904 on June 30, 1974, Including
the loss of 80 positions effective June 30,
1972, this amounts to a cut of more than 14
percent in the last four years.

These reductions in manpower authori-
zations led to the termination of the Energy
Conversion, Plasma Physics, Solar Plasma
Dynamics, and Space Forecasting Branches
of the Space Physics Laboratory and of the
Vertical Sounding Techniques Branch of
the Meteorology Laboratory.

In other organizational changes, the Ap-
plications Branch of the Technical Plans
and Operations Directorate was abolished,
and its functions, including the AFCRL
Environmental Consultation Service, were
consolidated with the Technical Programs
Branch. Responsibility for the Space Fore-
casting Program was also transferred to the
Technical Programs Branch to increase
management emphasis on this program.
Other branches in other Laboratories were
assigned revised missions, or had their
names changed to emphasize their mission
of greatest importance to the Air Force.

The ten Laboratories comprising
AFCRL are the Aeronomy Laboratory,
Aerospace Instrumentation Laboratory,
Ionospheric Physics Laboratory, Meteorol-
ogy Laboratory, Microwave Physics
Laboratory, Optical Physics Laboratory,
Sacramento Peak Observatory, Space
Physics Laboratory, Solid State Sciences
Laboratory, and the Terrestrial Sciences
Laboratory. Inaddition, AFCRL operates a
small West Coast Office to focus AFCRL
support to the technelogy requirements
and system development efforts of the
ATSC Space and Missile Systems Organiza-
tion (SAMSO) near Los Angeles.

The main AFCRL laboratory complex is
located at L. G. Hanscom AFB, Bedford,
Massachusetts, 20 miles west of Boston. At
Hanscom AFB, AFCRL is a tenant of the
Electronic Systems Division of the Air
Force Systems Command.
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Colonel Bernard S. Morgan, Jr., as-

sumed command of AFCRL in January’

1974, succeeding Colonel William K.
Moran, Jr. Colonel Morgan came to
AFCRL from the position of Chief, Com-
mand Control and Reconnaissance Divi-
sion, Assistant Chief of Staff, Studies and
Analysis, Hq USAF. Colonel Donald R.
Wippermann, Vice Commander, reported
to AFCRL on July 31, 1973.

In June 1974, 183 AFCRL employees
held the doctor’s degree, 202 held master’s
degrees, and 211 bachelor’s degrees.
AFCRL scientists are active in their respec-
tive professional societies. One scientist
served as Lditor of Applied Optics during the
reporting period, and two other AFCRL
scientists served as Associate Editor of the
IEEE Transactions on Antennas and
Propagation and the Journal of Crystal
Growth. AFCRL scientists also served as
editorial advisors and referees for various
professional journals, served on profes-
sional committees, and chaired profes-
sional meetings and symposia. Examples of
this type of activity include Chairman of the
Wave Propagation Standards Committee
on the IEEE, Executive Secretary of the
U.S. Committee on Extension of the Stan-
dard Atmosphere, and President of the
Professional Group on Antennas and
Propagation of the IEEE, and the Com-
mander, who served on the editorial boards

Of the 1059 employees at AFCRL, nearly 600
are scientists or engineers, and 183 hold the
Ph.D. degree.

of the Journal of Dynamic Systems, Measure-
ment and Control,-and Computers in Matnemat-
ical Sciences with Applications.

During the two years of this Report,
AFCRL sponsored or cosponsored eight
scientific conferences. AFCRL scientists
and engineers authored 581 articles in sci-
entific and professional journals. Reflect-
ing the squeeze on travel funds, the
number of papers presented at technical
meetings declined by about 50 to 558, while
the number of in-house reports increased
by nearly 100 to 323. These publications
and presentations are listed at the conciu-
sion of each laboratory chapter.

ANNUAL BUDGETS: The annual budgets
for the two years covered in this report are
shown in the accompanying tables. The in-
dicated totals cover salaries, equipment,
travel, supplies, computer rental, service
contracts, and those funds going into con-
tract research. The largest expenditure is
for salaries which accounted for approxi-
mately $21 million of the FY-1974 budget
of $56.G2 million. The annual budget de-
creased from $59 million in FY-1972 to $55
million in FY-1973, then increased to $56
million in FY-1974, )

Funds received from AFCRL'’s higher
headquarters, the AFSC Director of Sci-
ence and Technology (DL), and, to a lesser
extent, those received from AFSC organi-
zations other than DL, are used to conduct
continuing long-range programs.

AFCRL receives much support from
other elements of the Air Force. The Elec-
tronic Systems Division, the host organiza-
tion at Hanscom AFB, provides support

-such as accounting, personnel, procure-

ment, and housekeeping to the laboratory
complex. Holloman AFB, New Mexico,

‘provides services to the Sacramento Peak

Observatory and the AFCRL Bziloon:De-
tachment No. l. Funds from other agencies
are earmarked for specific research ‘proj-

'eCts.

Nearly half of the AFCRL budget during
the reporting per.od was spent for contract
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TABLE 1
SOURCES OF FY-1973 FUNDS
Air Force Systems Command - DL $42,700,000
Advanced Research Projects Agency 3,864,720
Defense Nuclear Agency 3,793,000
Air Force Systems Command Other than DL 1,988,989
National Acronautics and Space Administration 1,009,500
Air Weather Service 588,109
Defense Mapping Agency 350,580
Atomic Energy Commission 232,210
Navy 176,640
Department of Transportation 135,000
Defense Communications Agency 50,000
Army 43,000
Air Force Technical Applications Center 14,920
TOTAL $54,916,668
TABLE 2
SOURCES OF FY-1974 FUNDS
Air Force Systems Command - DL ‘'$42,268,000
Defense Nuclear Agency 4,890,000
Advanced Research Projects Agency 3,850,000
Air Force Systems Command Other than DL 2,698,000
Air Weather Service 927,000
National Aeronautics and Space Administration 806,000
Atomic Energy Commission 259,000
Army 92,000
Defense Mapping Agency 85,000
Department of Transportation 48,000
Air Force Technical Applications Center 40,000
Defense Communications Agency 32,000
Navy 24,000
TOTAL $56,019,000

research. Of the $56.02 million FY-1974
budget, $23.98 million was devoted to con-
tractresearch. As of June 30, 1974, AFCRL
had 370 contracts in effect. Of these, 149
were with U. S. industrial concerns, 130
were with U.S. universities, and 28 were
with foreign universities and companies.
The remainder were with research fcunda-
tions and other government agencies.

AFCRL contracts almost always call for
work:in direct support of research carried
out within AFCRL. They are monitored by
scientists who are themselves active, par-
ticipating researchers, and who plan the
research, organize the program, interpret
the results and share the workload of the
actual research.

R U U T o (T

AFCRL COMPUTATION CENTER: A 43,000
square foot, two-story structure was oc-
cupied in November 1970 by the AFCRL
Computation Center. The AFCRL Com-
mand Section, the Director of Technical
Plans and Operations, and the Director of
Research Services were also moved to this
building at that time. One CDC 6600 com-
puter system was installed in December
1970-and a second 6600 was installed in
July 1972,

The CDC 6600 systems consist of a mod-
ular des:gned muluprocessor operation
with extensive input-output devices,
peripheral equipment and communica-
tions equipment. The systems provide re-
mote batch, interactive graphics and con-
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The AFCRL computer center was completed
in November 1970, In July 1972, a second
CDC-6600 computer was installed, making it
one of the most powerful computer facilities
in the Air Force.

versational capabilities through a network
of approximately 50 remote stations lo-
cated within the laboratory complex and at
off-base locations. The decommutation
facility processes data from satellites, rock-
ets, aircraft, balloons and from {aboratory
data collection systems, using two special
purpose Honeywell computer systems.

The Computation Center also provides
mathematical analysis and scientific pro-
grammer services and operates a large-
scale analog/hybrid computation-facility in
support of simulation studies.

FIELD SITES:. In addition to the 90 acres
which it occupies at Hanscom AFB, AFCRL
operates several off-base sites, locally and at
distant locations. The largest local site is the
Sagamore Hill Radio Observatory in
Hamilton, Massachusetts, which includes
two large radio telescopes, one with an
84-foot dish, the other with a 150-foot dish.
Other local sites are the Weather Radar
Research Facility at Sudbury, Mass-
achusetts, and a 350-acre Antenna Range
in Ipswich, Massachusetts. A high precision
millimeter wave radio telescope (15 to 100

P L TP N TP T A S T

GHz) is located on Prospect Hill in
Waltham, Massachusetts.

AFCRL has large permanentsites in New
Mexico and California. Balloon launch
facilities are located at Holloman AFB, New
Mexico, and at Chico, California. At Sun-
spot, New Mexico, overlooking Holloman
AFB from its 9200-foot clevation, stands
the Sacramento Peak Solar Observatory,
perhaps the most completely instrumented
facility in the world for solar optical as-
tronomy. Its vacuum tower te'escope began
operating in October 1969,

The most remote permanent facility is

.the Geopole Observatory at Thule Air

Base, Greenland, which began observations
in 1958 and has yielded a 14-year continu-
ous-record of Arctic magnetic activity, au-
roral phenomena and ionospheric varia-
tions. Another remote station is the-Goose
Bay Ionospheric Observatory at Goose Bay
Air S:ation, Labrador where studies of'a
variety of sub-arctic events are made, in-
cludirg polar cap absorption of high fre-
quency waves.

AFCKL field programs utilize a number
of military installations including the Fort
Churchill, Canada, rocket range; Fort
Wainwright and Eielson AFB, Alaska; Al-
brooke AFB, Canal Zone; Eglin AFB,
Florida; Travis AFB, California; Vanden-
berg AFB, California, and the White Sands
Missile Range, New Mexico. In addition to
these military sites, AFCRL has used other
locations on a temporary basis. Trailers
were transported from Hanscom AFB to a
15-acre field site near Donaldson, Min-
nesota, for studies of small-scale
meteorological ~ phenomena.  Existing
facilities at Roswell, New Mexico, and Sioux
Falls, South Dakota, commercial airports,
and the Poker Flat, Alaska, range are also
used.

RESEARCH VEHICLES: From its permanent
balloon launch sites in New Mexico and
California, and from temporary sites in
several other locations, AFCRL launched
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AFCRL scientists utilize facilities all over the
world, An experiment to determine the in-
frared emission from high-altitude atmos-
pheric layers required a rocketlaunch from
the Barricro do Inferno Rocket Range in
northern Brazil,

118 large research balloons during the
two-year period. Of these, 73 were
launched in FY-1973. In addition, 107
tethered flights were conducted. These bal-
loons carried test and experimental
payloads for the Space-and Missile Systems
Organization (SAMSO), the Defense Nu-
clear Agency (DNA), National Aeronautics
and Space Administration (NASA), the
Army, and university scientists with mili-
tary contracts. AFCRL scientists themselves
are, however, the largest users.

Rockets are used to examine almost every
aspect of the earth’s upper atmosphere and
near-space environment—winds, tempera-
tures and densitics; the electrical structure
of the ionosphere; solar ultraviolet radia-
tion; atmespheric composition; the earth’s
radiation belts; cosmic ray activity; and
airglow and aurora. The rockets most fre-
quently used have been the Nike Iroquois
(NIRO), the Nike Tomahawk, the Black
Brant, and the Aerobee.

During the past two years, AFCRL

Jaunched a total of 93 large research rock-

ets, which were fired from Wallops Island
(20), Eglin AFB, Florida (19}, Fort Chur-
chill, Canada (16), White Sands Missile
Range, New Mexico (15), and Poker Flat,
Alaska (18).
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During this reporting period, AFCRL-
designed packages were carried aboard the
Air Force §72-1 satellite and the NASA
Aunosphere Explorer-C satellites.

Five research instrumented aircrzit—
two NKC-135’s and three C-130’s—gather
data for various projects. The NKC-135s
have been part of the AFCRL inventory for
more than a decade, and wwo of the C-130's
for almost as’long. One NKC- 15 and one
C-130 are inscrumented for measuring the
transmission, scattering and reflectance of
optical/IR radiation in the atmosphere.
Theother NKC-135is used for performing
ionospheric and associated observations all
over the world, with recent emphasis on the
Arcticauroral zone. Two other C-130's are
instrumented for meteorological observa-
tions.

THE AFCRL RESEARCH LIBRARY: The
breadth and quality of the technical collec-
tion maintained by the AFCRL Research
Library are surpassed by few libraries in the
country.

Available to AFCRL scientists are the sci-
entific journals of Bulgaria, Czecho-
slovakia, Holland, France, Germany, Hun-
gary, Italy, Japan, Poland, Russia and Swe-

‘The extensive collection of the AFCRL Re-
search Library is an important ingredient of
the research environment.
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It Aeronomy Laboratory

Acronomy is the study of the physical and
chemical properties of the carth’s upper
atmosphere. It deals principally with the
atoms, molecules, ions and photons present
in the atmosphere and how they interact
with one another. The lowest region of the
atmosphere, the troposphere, which ex-
tends from the-ground to about 10 to 75
km, is investigated primarily by ‘e
Meteorology Laboratory. The Aercnomy
Laboratory’s principal investigations ar¢ in
the regions above this—namely, the
stratosphere, mesosphere and thermo-
sphere.

A major area of activity of the Laboratory
is the study of the stratospheric environ-
ment. The National Environmental Policy
Act of 1969 requires the Air Force.to pro-
vide environmental impact statements for
its operations such as-flying the B-1 and
F-15 aircraft. Questions which must be
answerad include: ‘What will aircraft emis-
sions do to the ozone content of the strato-
sphere? how will this affect the amount of
ultraviolet radiation reaching the earth?
what will this do to the incidence of skin
cancer? how will agriculture and marine
life be affected? will the temperature of the
earth change? and if so, how much? (A
temperature change of even one degree
can have tremendous effects on the earth’s
climate.)

Recently, the Arms Control and-Disarm-
ament Agency hasraised the possibility that
a nuclear war, involving many explosions,
could destroy the ozone layer in the
stratosphere, thereby permitting the lethal
solar -ultraviolet radiation to reach the
ground, The Laboratory is investigating

this problem so that the Department of De-
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fense will have quantitative answers as to
the magnitude of this problem.

Another major area of activity is the
study of ultraviolet radiations. The
Laboratory is engaged in a joint program
with the Space and Missile Systems Organi-
zation (SAMSO) on investigating these
radiations for missile surveillance pur-
poses. The atmospheric background radia-
tions in the ultraviolet region of the spec-
trum are being investigated, as they pose a
limit on surveillance capabilities. The ul-
traviolet radiations from the sun are being
studied because they are a major source of
energy for the earth’s upper atmosphere.

Another major area is the development
of models of the properties of the earth’s
atmosphere for use in systems design and
in systems operations. For example, the
Laboratory has had a major role in the de-
velopment of the U.S. Standard Atmos-
phere, 1975, a cooperative effort involving
the Air Force, the National Aeronautics
and Space Administration and the National
Oceanic and Atmospheric Administration.
In systems operations, the Laboratory is
working on atmospheric density models for
the Aerospace Defense Command to be
used in its-tracking operations of all space
objects, both friendly and unfriendly.

Another major area is the study of dis-
turbed atmospheres. Systems operating in
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An example of a negative ion mass spectrum
taken in a rocket flight showing the presence
of very heavy negative jons in the D regicn.
The mass numbers are in atomic mase « its.
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or through the earth’s upper atmosphere
may be affected by both nawral distur-
bances such as polar cap absorption events,
aurora. cvents, sudden ionospheric distur-
bances, etc., and by atmospheric nuclear
detonations. The Laboratory is measuring
atmospheric properties and developing
models which are used as inputs to compu-
ter codes such as OPTIR, RANC 1V and
ROSCOE which are used in the determina-
tion of nuclear weapons effects.

The Laboratory is also involved in
climatology studies for systems design. For
example, the Laboratory recently com-
pleted Military Standard 210B which de-
scribes climatic extremes for military
equipmentand is used by all three services.

ATMOSPHERIC COMPOS:TION

The Atmospheric Composition Branch has
conducted a number of programs aimed at
measuring and predicting the positive ion,
negativeion and neutral composition of the
upper atmosphere for various Air Force
and Department of Defense systems.

ROCKET MEASUREMENTS: Several rocket
programs were conducted in-a continuing
intensive effort to elucidate disturbed
ionospheric processes for Air Force com-
munications and detection systems. A
coordinated auroral studies program des-
ignated ICECAP '73 was carried out from
Poker Flat, Alaska, in March 1973 by
AFCRL and the Defense Nuclear Agency.

A dual-mode quadrupole mass spectrome-.

ter that was programmed to measure the
positive ion and neutral composition on al-
ternate mass scans was launched into a
strong auroral arc on the night of March
26, and measurements were’ obtained be-
tween 82 and 182 km. The ion concentra-
tions between 101 and 123 km exceeded
108 per cubic centimeter and the NO*/O,
ratio was about 2.3, Using the ion composi-
tion measurements, it was possible to de-
duce a maximum neutral nitric oxide con-
centration of 3 x 10° per cubic centimeterin
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the vidnity of 100 km. Concentration pro-
files of N,, Q,, O and Ar were obtained
between 110 and 182 km and these exhi-
bited a superimposed wave-like structure
above 130 km for which no direct experi-
mental causeisapparent. If real, these oscil-
lations may reflect the effects of auroral
heating but this requires further study.

A program was conducted at Fort Chur-
chill, Canada, to study lower ionospheric
processes during daytime auroral zone ab-
sorption (AZA) events. A recurrent mag-
netic storm caused several AZA’s during
the week of June 11, 1973, This storm was
predicted to re-occur from measurements
by Pioneer 9, traveling eight days ahead of
the earth, which showed moderate in-
creases in the solar wind. Two Ute To-
mahawk rockets were launched on two suc-
cessive days. The first rocket, containipg a
cryopumped positive ion mass spectrome-
ter, plasma frequency probe and_electron
energy deposition scintillator was Jatinched
on June 12, 1973 during a 2.5 dB absorp-
tion event. The-Churchill ionosonde indi-
cated complete absorption during the
flight. Composition measurements were
obtained between 73 and 132 km. Water
cluster ions were predominant below 83
km. Ion concentrations were similar to con-
centrations measured during a polar cap
absorption (PCA) event. Ionized molecular
oxygen was the major ion between about 83
and 93 km, giving way to NO* at higher
altitudes. The NO*/Of ratio attained an un-
usually high value of about 8 near 106 km
and diminished to a relatively steady value
of 2.7 £'0.3 above 120 km. This indicates an
enhanced neutral nitric oxide concentra-
tion near 106 km. Meteoric ions were
measured in the typical broad layer near 92
km and in submerged thin layers at higher
altitudes. The scintillator showed an elec-
tron energy deposition of 3 ergs per square
cm per second for electrons with greater
than 7 keV energy. They enhanced the
ionization considerably between aboui 80
and 100 km which, in turn, was responsible
for the complete HF absorption.
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The E-region composition during the day-
time 2.5 dB-auroral absorption event. The
ionization between 80 and 105 km is consid-
erably enhanced above normal by the influx
of energetic electrons.

The second rocket, instrumented with a
cryopumped negative ion mass spectrome-
ter, plasma frequency probe and electron
energy deposition scintillator, was
launched on June 13, 1973 during a 2 dB
absorption event. The ionosonde indicated
nearly complete absorption during the
flight. The electron concentration was en-
hanced between about 80 and 105 km,
showing a maximum of 2.2 x 10° per cubic
cm from 94 to 98 km. Composition meas-
urements were obtained between 68 and
132 km. Atomic oxygen and molecular ox-
ygen, each with one excess electron, were
the predominant E-region ions, and these,
along with the heavy cluster ions, di-
minished sharply above 92 km. The nega-
tive ion cluster layer centered near 88 km
was again measured and contained ions as
heavy as 197 '3 amu. Ionized molecular
oxygen may have been produced in the
sampling process by the reaction O, + ¢ —
O~ + O. Negatively charged molecular ox-
ygenisbelieved to be an ambient ion, butits
relatively large abundance is inexplicable if
the rate constant for the associative de-
tachment reaction with atomic oxygen is
correct. Above 100 km the major ions were
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NOj and CI'; both of these species may
have resulted from contaminants.

Another rocket program was conducted
at Fort Churchill, Canada, in March and
April 1974 1o obtain quiescent polar lower
ionosphere data for ionospheric modeling
purposes and to study auroral processes. A
rocket carrying a cryopumped positive ion
mass spectrometer and Langmuir probes
obtained nighttime undisturbed measure-
ments between 75 and 180 km. The ioniza-
tion of polar nighttime lower ionosphere
was enhanced compared to the mid-
latitude nighttime ionosphere indicating
that a drizzle of energetic ionizing particles
is present at polar latitudes during seem-
ingly quiescent periods. A second rocket,
containing a-negative ion mass spectrome-
ter, was launched during daytime quiescent
conditions. Surprisingly large amounts of
O~ and O, ions were measured between
72 and 100 km. This finding is contrary to
present theories and points out that nega-
tive ion processes are still not well under-
stood. This-is presently hampering the de-
velopment of communications computer
codes.

Two Ute Tomahawk rockets were
launched into Class I1 and Class 111 auroral
events, respectively. The payloads con-
tained a dual-mode positive ion/neutral
mass spectrometer, plasma frequency
probe and electron energy deposition scin-
tillator. Measurements were obtained be-
tween 95 and 170 km. These data are pres-
ently being analyzed; their excellentquality
promises an elucidation of the ionospheric
E- and lower F-region processes during
moderate and strong auroral events.

Rocket experiments were also conducted
to study the necutral composition of the
mesosphere and lower thermosphere. The
Neutral  Atmospheric ~ Composition
Spectrometer (NACS) was designed to
measure the major and minor neutral at-
mospheric constituents between 60 and 140
km. Two high latitude experiments were
flown on December 7 and 10, 1972 from
Fort Churchill, Canada, during nights of

auroral disturbance and quiet atmospheric
conditions, respectively. Several general
conclusions can be drawn from these and
carlier resnlts. First, the character of the
turbopause region between 90 and 120 km
changes considerably with time. Up to the
wurbopause, all of the major constituents,
N,, O,, Ar, and CO, are measured in their
ground level mixing ratio. Above the tur-
bopause these constituents generally follow
the expected diffusion profiles. However,
the species profiles are changed because
the turbopause changes in altitude and fre-
quently consists of a region of alternating
laminar and wrbulent layers. It is certainly
more accurate to characterize the tur-
bopause as a region rather than asalevel or
a boundary. Sccond, the atomic oxygen
profile varies substantially from one time to
another. This profile is even more strongly
dependenton the distribution and intensity
of turbulent layersin the region between 90
and 120 km. A third important point which
has been demonstrated by the ALADDIN
experiments is that when therelevant struc-
tural and dynamical parameters are meas-
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ured, a suitable mathematical model calcu-
lation based on chemical and transport
vrocesses can be developed which isin good
agreement with mid-latitude measure-
ments.

SATELLITE MEASUREMENTS: The small re-
search satellite program was begun in 1972
to provide a relatively inexpensive way of
studying atmospheric, ionospheric and
magnetospheric phenomena. The intent
was to further the investigations begun with
the OV3-6 (ATCOS 1II), OVI-15
(SPADES), and OV1-16 (Cannon Ball)
satellites. The program expense was re-
duced by making use of excess payload
capability of various launches. AFCRL sci-
entists are supplying most of the experi-
ments that instrument the satellites.

The satellites will be launched during the
later part of 1974. The orbit will be highly
elliptical to have sufficient orbital energy
for a low perigee, near 150 km. The satel-
lites will study the properties of the atmos-

here and ionosphere between 150 and
500 km. The experiment complement in-
cludes two types of mass spectrometers to
measure atmospheric and ionospheric
composition and species densities. One
satellite will be launched during 1975 to
further study these parameters with addi-
tional ionospheric and magnetospheric
measurements. The satellites include
magnetic torquing systems to properly
orient them for data collection.

The unique Velocity Mass Spectrometer
(VMS) which was first developed several
years ago at AFCRL has been further im-
proved and included on two satellites. The
new version combines the concept of the
velocity mass spectrometer with the RF
quadrupole instrument. The advantage of
the VMS is that it can distinguish between
the atmospheric species and those that
come from spacecraft outgassing and sur-
face effects in the measuring instrument.
The first flight of this combined VMS/RF
quadrupole mass spectrometer will-be in
late 1974.
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The Atmosphere Explorer-C satellite.

IONOSPHERIC MODELS: Two unique
models were developed for disturbed
ionospheric conditions. A nighttime PCA
D-region model was formulated which
agrees well with the ion composition,
charged particle densities and proton flux
measured during a PCA event. The PCA
model can be easily adapted to calculate
the D-region ionization following atmos-
pheric nuclear explosions, but only for
nighttime periods. It was further possible
to derive mesospheric distributions of H,0,
O, NO, and NO. Except for the latter,
no reliable measurements of these critical
species exist.

Another model was developed for a
steady Class 11 aurora and shown to be in
good agreement with the ion composition
measurements. It was possible to deduce
the nitric oxide concentration in the E re-
gion, the maximum being 4 x 108 molecules
per cubic centimeter near 110 km. Consid-
erable controversy prevails over the

.amount of the enhancement of nitric oxide
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(a strong IR emitter) and the processes
which produce the increased concentra-
tions. These models serve as critical inputs
for both communictions and optical com-
puter codes for Department of Defense sys-
tems.

CLUSTER STUDIES: AFCRL rocket-borne
mass spectrometer measurements indicate
that the ionospheric D region is predomi-
nantly composed of positive and negative
cluster ions, especially water cluster ions.
The propagation of electromagnetic
energy, particularly in the VLF and HF
spectrums important to Air Force com-
munications, depends critically on the mass
of these ions and their photochemistry.
Additionally, clustering reactions may
serve as sinks for jet engine and missile
exhaust pollutaiits in the stratosphere by
agglomeration of the pollutants into par-
ticulates which then fall to the troposphere
where they are washed out by rain. Studies
of pollutant clustering processes were con-
ducted to determine the stratospheric ef-
fects caused by the Air Force B-1 and F-15
aircraft and also by a fleet of SST aircraft in
an effort sponsored under the Department
of Transportation’s Climatic Impact As-
sessment Program (CIAP).
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Heteromolecular clusters observed in a fully
expanded jet composed of 10 percent water,
2,5 percent carbon dioxide, and 0.25 percent
sulfur dioxide in nitrogen. The $0, + (H,0),
and [COy(H,0),] series are connected by
curves.

During the past two years, the molecular
beam/free-jet apparatus used to generate
and study clustering processes has been
made fully operational. This equipment in-
cludes a phase-sensitive pulse counting
method that allows near-simultaneous
monitoring of mass peaks of interest by fast
mass scanning while retaining the advan-
tages of phase-sensitive detection. An ex-
perimental and theoretical study of dimer
formation in supersonic water vapor
molecular beams was completed.
Heteromolecular or mixed clusters of en-
gine exhaust pollutants of H,0, SO,, CO,,
CO and NO were produced and observed.
for the firs: time. A theoretical method was
developed for the calculation of equilib-
rium concentrations of polar-polar,
nonpolar-polar and ion dimers.

STRATOSPHERIC ENVIRONMENT

Planning and documentation- have been
completed for a new Stratospheric Envi-
ronment Project with an official start date
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of July 1,1974. The goal of this effort is to
provide the necessary stratospheric data
and models from which environmental im-
pact statements may be written for aircraft
such as the B-1 and F-15. This effort will
also make it possible for the Air Force to
present its inputs when standards for
stratospheric pollution are being estab-
lished.

The composition of stratospheric gascs,
especially the minor species, will be meas-
ured using cryogenic whole air samplers
installed on balloons and aircraft. Quantita-
tive analysis of the retrieved samples will be
performed in the Laboratory. Measure-
ments will be made of the ambient composi-
tion in the region behind a stratospheric
aircraft. Stratospheric sampling programs
will be conducted on balloon and aircraft
platforms and a mass spectrometer will be
developed for the measurement of positive
and- negative ions in the stratosphere. In
addition, an infrared interferometer will be
adapted for coordinated flight measure-
ments.

The chemical composition of strato-
spheric aerosols and the dependence of
composition on particle size, altitude, spa-
tial location and season will be investigated.
Of particular importance are the processes
by which aerosols are formed, and a par-
ticular area of interest will be the aerosol
composition in the region behind a strato-
spheric aircraft. Balloon flights will be
made for the accurate determination of
aerosol composition in the stratosphere.

Stratospheric winds, temperature and
turbulence will be measured and models
will be developed to predict the dispersion,
spreading and lifetime of aircraft and mis-
sile exhaust products in the stratosphere.
The principal techniques are: adding ap-
propriate chemicals to an aircraft exhaust
to make it visible and then photographing it
from the ground, the emission from a small
sounding rocket of a smoke trail which also
is photographed from the ground, and bal-
loon méasurements of temperature and
microscale dynamics.
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The intensity of solar ultraviolet radia-
tion between 1800 and 3500 angstroms asa
function of altitude in the stratosphere will
be measured by means of a spectrometer
mounted on a biaxial solar pointing control
and carried aloft by a balloon. From these
measurements, photon absorption rates
and the vertical distribution of ozone will be
determined.

Laboratory chemistry experiments will
be performed to measure the reactions and
properties of species important in the
stratosphere, both as normal constituents
and as pollutants from aircraft operations.
Measurements include photoabsorption
cross sections, neutral and ion chemical
reaction rates, and clustering and nuclea-
tion rates.

Theoretical determinations will be made
of the species and thermal distributions of
the normal stratosphere and of the effect
on these distributions caused by aircraft
traversing this region. One-dimensional,
time-dependent dynamical model atmos-
phere calculations will begin using the cou-
pled set of equations of motion and con-
tinuity. A one-dimensional calculation will
be made to determine the effects on the
stratosphere of the nitrogen oxide emission
from stratospheric aircraft. The energy
equation with heat sources, sinks and trans-
fer coefficients will be added to the models.

By means of global modeling, the long-
term and short-term climatic effects of
stratospheric perturbations will be deter-
mined. A limited test model will be de-
veloped which will incorporate sufficient
physics to test a range of photochemical
rate parameters and turbulent diffusion
coefficients. The test model will be multi-
level and time dependent but it will be zon-
ally averaged. Work will begin on construct-
ing a three-dimensional, time-dependent
dynamical model of the global atmospheric
circulation which will include all of the im-
portant stratospheric constituents and
processes.
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ALADDIN ‘74 ROCKET PROGRAM

The ALADDIN '74 (4 tmospheric Layering
and Density Distributions of /ons and
Neutrals) program was launched during a
24-hour period on June 29 and 30, 1974.
The objective of the program was to study
in detail the structure and dynamics in the
upper atmosphere between 70 and 160 km.
Selected parameters necessary for studying
the physical and chemical processes in this
region of the atmosphere and ionosphere
were measured through the 24-hour
period. The measurements included den-
sity, temperature and composition of the
neutral and ionized atmosphere together
with wind, shear, and turbulence meas-
urements to allow improvements of atmos-
pheric models. A second objective was to
measure and compare atomic oxygen pro-
files from several different experimental
techniques. The program consisted of 54
rocket payloads launched from Wallops Is-
land, Virginia, together with measure-
ments from several ground-based instru-
ments and the measurements of the At-
mosphere Explorer-C satellite. The pro-
gram was a-cooperative effort of many sci-
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Comparison of the ALADDIN 1 theoretical
time-dependent model atmospheres incor-
porating measured turbulent diffusion coef-
ficients with the simultaneously determined
neutral species distributions. The continuous
and dashed curves are the theoretical results
at a solar zenith angle of 98 degrees utilizing
the measured turbulent diffusion coefficients
(K) and an arbitrary diffusion profile three
times as large (3K).
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entists {rom the United States, Germany,
England, and Canada. The program was
sponsored by AFCRL and the National
Aecronautics and Space Administration
(NASA), and was coordinated by AFCRL.

The rocket measurements made during
the program included: chemical release
measurements of wind, shear, turbulence,
diffusion coefficients, density and temper-
ature (AFCRL; Georgia Technological In-
stitute; NASA Ames Research Center,
Moffett Field, C.lifornia; Geophysics Cor-
poration of America; University College
London); accelerometer instrumented and
non-instrumented falling sphere meas-
urcments of atmospheric density and
temperature (AFCRL; White Sands Missile
Range, New Mexico); pitot probe meas-
urement of atmospheric density and temp-
erawure (University of Michigan/NASA);
mass spectrometer measurements of at-
mospheric composition (University of
Bonn, West Germany; University of
Pittsburgh, Pennsylvania; NASA); ul-
traviolet spectrometer measurements of
solar radiations and atmospheric profiles of
N,, O, and C by absorption technique
(AFCRL); nitric oxide chemiluminescent
release to determine atomic oxygen profile
(AFCRL); photometer measurements of
species profiles from airglow emissions and
solar attenuation (AFCRL; White Sands
Missile Range, New M.exico; University. of
Colorado; Universitv of Saskatchewan,
Canada); probe and radio propagatiun
measurements of electron and ion density
and clectron-temperature (University of Il-
linois; University of Bonn, West Germany;
Pennsylvania State University); electric
field measurements (University College
London; NASA Goddard Space Flight
Center, Greenbelt, Maryland); ground-
based ionospheric sounders (National
Cceanic and Atmospheric Administration
(NOAA), Lowell Technological Institute
Research Foundation, Mass.; AFCRL);
Millstone Radar icnospheric measure-
ments (Massachusetts Institute of Technol-
ogy); and ground-based optical measure-
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ments  (AFCRL;  PhotoMetrics, Inc,

Waltham, Mass.; University College Lon-
don; NASA Goddard Space Flight Center,
Greenbelt, Maryland).

The wealth of new data collected during
the ALADDIN '74 experiment will be
studied and analyzed during the coming
months. The results of this experiment
should provide a baseline comparison of
atmospheric measurements with which
both past and future measurements can be
compared.

ATMOSPHERIC DENSITY AND STRUCTURE

Neutral atmospheric density and tempera-
ture have been obtained from falling
spheres launched by rocket, accelerometers
aboard satellites, and ionization gauges on
satellites. A parallel Laboratory effort in
theoretical density studies, atmospheric
modeling, and measurements of ion-
neutral reaction rates has improved under-
standing of the chemical processes in the
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upper atmosphere, and enabled us to assist
iin preparing environmental impact state-
ments for the B-1 bomber, which will spend
part of the time flying in the stratosphere.

ROCKET DENSITY MEASUREMENTS: New
rocket-borne falling sphere measurements
of neutral atmospheric density and tem-
perature have been obtained during sev-
eral coordinated ficld programs conducted
by AFCRL, the Defense Nuclear Agency

(DNA), and the National Aeronautics and’

Space Administration (NASA). Four sets of
data were obtained at Churchill Research
Range, Canada, in December 1971 and De-
cember 1972, Results acquired in De-
cember 1971 from two daytime measure-
ments made four hours apart under quies-
cent conditions revealed no significant
short-term structure variations in the al-
titude range 30 to 105 km. In fact, the data
suggested that there may be some correla-
tion between low geomagnetic activity (e.g.,
K,=2) and the cold model from the
U.S. Standard Atmosphere Supplements, 1966.
Analysis of results obtained from wwo
measurements made in December 1973 led
to the conclusion that structure variations
in the atmosphere may be induced by rela-
tively intense geomagnetic disturbances,

End view of payload used for density Brems-
strahlung measurements.
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particle precipitation or lower atmosphere
dynamics.

Falling sphere data obtained during the
Winter Anomaly field program at Wallops
Island, Virginia, in January 1972, ALAD-
DIN II at Eglin AFB, Florida, in April
1972, and ALADDIN ’74 at Wallops Island
in June 1974 provided valuable compari-
sons and correlations between different
rocket-borne techniques and ground-based
measurements. For example, a tempera-
ture profile obtained at Wallops Island on
January 31, 1972 exhibited considerable
enhancement at approximately 70 km. The
measurement corresponded to a time
(1745 GMT)when low frequency radio ab-
sorption had shown a rapid increase from
about 3 dB to 25 dB and then a decrease to
the original value. The falling sphere
temperature data are supported by one
other near-simultaneous measurement
(WSMR instrument). The temperature en-
hancement may be related to a winter ano-
maly.

Two falling sphere rockets were
launched at Natal, Brazil, on September 26
and 27, 1973 to determine the diurnal vari-
ation of neutral density and temperature at
equatorial latitudes (5 degrees, 52 minutes
south latitude). Below 60 km, the
temperature-height profiles are charac-
terized by wave structures which show
phase differences that vary up to 180 de-
grees. Preliminary analysis of the data in
this region indicate that mean nighttime
temperatures are about 4° K warmer than
corresponding daytime values. Above 60
km the differences become significantly
larger and at 100 km the nighttime value is
cooler by more than 50° K.

Several rocket payloads have been flown
which have provided data on mesospheric
ozone, and mesospheric and lower ther-
mospheric molecular oxygen.

Densities obtaired from Lyman-alpha
ion chambers during spring and fall show
wave motion. The relative accuracy of the
data is typically 4 to 8 percent, as deter-
mined from independent sensors in the

same payload. The absolute accuracy below
about 95 km is questionable due to the un-
certainties in the temperature dependence
of the molecular oxygen cross sections at
Lyman-alpha. The lower densities in spring
near 90 km are opposite to the Groves seca-
sonal model and may be an interdiurnal
fluctuation.

Molecular oxygen density profiles were
obtained from 1450 angstrom ion cham-
bers with an absolute error estimated to be
less than 12 percent over the entire altitude
range. The density scale heights, and hence
the temperatures are less than the CIRA 72
and proposed U. S. Standard Atmosphere,
1974 above about 160 km, but the densities
agree well with these two models from 140
to 160 km. The exospheric temperature of
960° K calculated from the Jacchia 1971
model for the time of measurement is close
to the 1000° K value assumed by these
models.

Arocket payload for the measurement of
atmospheric density utilizing an electron
beam has been successfully designed, built,
calibrated, and flown. Atmospheric density
was determined from measurements of the
X-ray continuum Bremsstrahlung, created
by the interaction of the electron beam with
the gas surrounding the payload. The at-
mospheric content of molecular nitrogen
was also-determined from measurements
of the luminescence at 914 angstroms
produced by the electron beam. Measure-
ments were made from 120 km to 168 km
during the rocket ascent, and from 168 km
to 80 km during the rocket descent. By
using two electron beams the density and
nitrogen content were measured at two dif-
ferent distances from the rocket payload. A
comparison was made of the effect on elec-
tron beam density measurements of using
collimated and uncollimated electron
beams. _

Of particular importance to the success
of the measurements was the testing and
improvement of the techniques of magnet-
ically shielding X-ray detectors from
energetic beam electrons, and the-utiliza-
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Density measurements from the MESA ac-
celerometer on  Atmosphere Explorer-C,
orbit 1437, April 24, 1974,

tion of low Z number material in the detec-
tor collimator. The rocket payload was
calibrated in a laboratory vacuum chamber
where gas densities and nuclei composition
similar to those expected in flight were
maintained, This calibration was made pos-
sible by the use of carbon-coated target
materials in the chamber which reduced
both the number of scattered high energy
electrons and the background continuous
and line X-ray photon flux.

SATELLITE DENSITY MEASUREMENTS:
Analysis of results from the Miniature Elec-
trostatic Accelerometer (MESA) experi-
ment on the low-orbiting SPADES
(OVI-15) satellite has been completed.
These results comprise the first set of in situ
density. measurements to be obtained below
200 km at all latitudes. A compendium of
the density profiles and their ratio to model
values was prepared in a format suitable for
use by other investigators. In addition, a
study of accelerometer results obtained at
high northern latitudés during August 6-8,
1968, a period of moderate geomagnetic
activity, was made. Density enhancements
of 15-30 percent were found in the auroral
zone in conjunction with increased auroral

electrojet currents. These results indicate
that joule heating of the thermosphere oc-
curs in agreement with Cole's theory.
Data from the MESA triaxial accelerome-
ter system on the Cannon Ball 11 satellite
have been reduced. Eighty orbits of data
were obtained to as low as 132 km during
August 6-14, 1971 befcre the spacecraft
taperecorder failed. The measured density
values were acquired mainly under moder-
ately quiet geomagnetic conditions and at
low and middle Northern Hemisphere
latitudes. Results were fuund to be gener-
ally within 10 percent of the Jacchia 1971
models. The observed scale heights were
about 10 percent larger than the models
predicted. The average density at perigee
was 7 percent less than the model value.
A major effort has been the development
of three improved MESA triaxial ac-
celerometer systems for flight on the-three
NASA Atmosphere Explorer satellites.
These satellites, with nominal one-year
lifetimes, have the capability to fly despun
or with a selected spin rate. They will have
low perigee e'iiptical orbits. Perigee and
apogee can be adjusted by an on-board
propulsion system. A different inclination
for each satellite is planned, ranging from
near equatorial to polar. These three satel-
lites comprise an integrated effort with the
objective of significantly improving our
understanding of lower thermospheric var-
iations. The first lJaunch (AE-C) was on De-
cember 16, 1973. Inclination of the satellite
is 68.1 degrees. Perigee heights as low as
130 km have been reached. The triaxial
accelerometer system is working perfectly.
Data ave being acquired typically on six to

‘ten orbits per day. High accuracy density

profiles are being derived ten days after
acquisition on a routine basis using a-local
terminal tied to the NASA central compu-
ter. An extensive data base, required for
development of accurate models, is being
collected. Anralysis of these results is in the

-early stages. Instrumentation for the two

following launches is fabricated and tested.
AE-D will be launched into a near-polar
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orbit in March 1975 and AE-E will be
launched into a near-equatorial orbit in
June 1975,

Two types of accelerometers will be
flown on an Air Force satellite scheduled
for launch in late 1974 into a low perigee,
high inclination orbit. In addition to a
single axis MESA instrument, a triaxial
piezoelectric accelerometer will be flight
tested. This instrument, while inherently
less accurate than the MESA, has the ad-
vantage of low cost, weight and power re-
quirement. By flight calibration with the
MESA its usefulness for future flights can
be evaluated. A triaxial piezoelectric ac-
celerometer will also be flown on a satellite
scheduled for launch in late 1975.

Data obtained from ionization gauge
measurements on board the OV3-6 satellite
have been further analyzed and resuits are
being compiled for publication. The report
will examine, in more detail, the latitudinal
structure of atmospheric density at middle
latitudes. In general, the results are in
agreement with model predicrions (jacchia
71) and measurements obtained by means
of orbital analysis, particularly during
periods of high solar activity. Where differ-
ences do occur, they are most pronounced
during the equinoctial period and in the
early morning hours, suggesting that the
diurnal bulge may not simply migrate in
unison with the sub-solar point. Some indi-
cation of geomagnetic coupling of the
neutral atmosphere is indicated by a data
correlation with the Dst index.

LABORATORY MEASUREMENTS OF ION-
NEUTRAL REACTION RATES: Reactions of
ions with neutral species are important
processes in gases exposed to ionizing radi-
ation: In the ionosphere, such reactions af-
fect the rates of decay of electron density
following sunset or following a nuclear-det-
onation. These atmospheric perturbations
influence the propagation of radio and
radar signals, leading in some cases to the
occurrence of blackout and to errors {r»m
refraction and scintillation, In order to

Double mass spectrometer system for ion-
neutral reaction measurements.

predict the magnitude and persistence of
these effects upon communications and
radar systems, large computer codes have
been developed. These codes require as
input parameters such data as the rate con-
stants for the reactions-of important ions
with the atmospheric neutral species. Dou-
ble mass- spectrometer systems have been

.developed in the Aeronomy Laboratory to

study these reactions.

Clustered ions, such as H* (H,0),, and
H* (H,0),, are important species in the
lower ionosphere, and their reactions are of
interest. Under normal conditions, these
species are stable. Under the perturbed
conditions resulting from a nuclear detona-
tion, the temperature is greatly increased,
and collision-induced dissocizzion reactions
may occur. Using a double mass spectrome-
ter system, cross sections and translational
energy thresholds were measured for the
dissociation of H* (H,0),, H* (H,0),, and
CO,"in collisions with N, and O,. The exis-
tence of long lived excited states of each of
these ions was also observed. Ion kinetic
energies ranged from about 0.5e¢Vto 30 eV
in these experiments.

Sulfur is a minor atmospheric species but
is of potential interest because of its rela-
tively large electron affinity in cumparison
with major atmospheric components. Cross
sections were measured for several
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reactions of S with N,, 9, N,0, and CO.,.
Information on bond dissociation enegies
and electron affinities was obtained from
the = anslational energy thresholds of the
cross sections. In all of the reactions of $"
observed in this work, the cross sections
were small at low energies, and it was con-
cluded that the principal sink for S ions in
the atmosphere is the associative detach-
ment reaction with oxygen, ie. S +
0, — S0, +e.

The double mass spectrometer system
can also be operated as a device for deter-
mining the kinetic energies of ionic species
from measurements of their times-of-flight
over a known distance. Such studies on the
important charge transfer reaction, N,* +
O, — O, showed that, over the range of N,
kinetic energies from 2.5 to 30 eV, the kine-
tic energy of the-O,* produced in the reac-
tion is thermal. This result indicates that no
transfer of energy occurred between inter-
nal and translational modes and therefore
that the reaction is virtually resonant. The
energy levels of the N,* + O, system are
such that, for resonant charge transfer to
occur between reactants in their ground
states, the products can only be formed in
their ground electronic states. In fact, the
reaction is exactly resonant for the v = 13
vibrational level of the ground electron
state of N,, and much of the N, produced
in this reaction is probably in that level.
Such studies as this indicate possible
sources of reactive species and of optical
radiation in the perturbed atmosphere.

ENVIRONMENTAL IMPACT STATEMENT FOR
THE B-1 BOMBER: The Air Force is required
by law to prepare an Environmental Impact
Statement for those of its systems and oper-
ations which may have an effect on the en-
vironment. The Aeronautical Systems Divi-
sion (ASD) has the responsibility for pre-
paring the Environmental Impact State-
ment for the B-1 bomber. ASD came to
AFCRL for assistance in assessing the ef-
fects of engine exhaust products upon
ozone and transmitted ultraviolet, upon vis-
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ible and infrared absorption, and upon
local and global changes in climate. This
study involved a coordinated cffort by the
Aeronomy, Optical Physics, and Meteorol-
ogy Laboratories.

Although -water and carbon dioxide are
the major components of jet engine ex-
haust, the principal effects upon atmo-
spheric ozone and transmitted ultraviolet
radiation are caused, not by these major
products, but by nitric oxide produced
when air is heated in the combustion proc-
ess. The nitric oxide is a catalyst in a series
of reactions which destroy ozone. It is
planned that the proposed B-1 fleet of 241
aircraft will spend a total of 650 hours per
year in the stratosphere, injecting about
500 tons of nitric oxide during that time.
From knowledge of the rates of the ozone
destruction reactions and by comparison
with the effects of normal ambient atmos-
pheric nitric oxide upon ozone, it is possible
to calculate the effects of this injected nitric
oxide. On the assumption of vniform mix-
ing, these calculations show that the ozone
column density would be reduced by less
than 0.002 percent. This would lead to an
increase of about 0.01 percent in the
ground level intensity of that component of
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ultraviolet radiation which is responsible
for sunburn and ultimately for skin-can-
cers.

The amounts of water, carbon dioxide,
carbon monoxide, and particulates emitted
by the planned B-1 fleet are three to five
orders of magnitude less than the amounts
of these substances naturally occurring in
the stratosphere. Absorption of solar in-
frared and visible radiation by these in-
jected species is therefore a similarly small
fraction of that from the naturally occur-
ring abundances. Comparison of the ab-
sorption effects of other exhaust products,
such as sulfur dioxide, nitric oxide, and
hydrocarbons, with the natural absorption
of the 6.3 micrometer band of water shows
that the emitted species have absorptions at
least seven orders of magnitude smaller.
The contribution of the projected B-1 fleet
to absorption and scattering of visible and
infrared radiation is therefore expected to
add less than one half of 1 percent to the
natural levels.

There is presently no completely reliable
means of determining the impact of jet en-
gine exhaust products upon local and
global weather. However, some mathemat-
ical models have been developed which in-
corporate the kinds of chages in heat bal-
ance and temperature distribution that the
operation of a B-1 fleet might produce.
However, the net sources and sinks of
energy used in computer experiments with
these models have been substantially great-
er than those likely to result from the B-1
fleet. These experiments-showed that the
differences between control and perturbed
conditions are at first local but that
appreciable differences are observed
world-wide after about one month. These
effects are differences in detail only, e.g.
the timing or phase of a major cyclone de-
velopment, and the means, variances, and
spectral distributions of the principal
meteorological elements (pressure, temp-
erature, wind) remaia virtually unchanged.
The conclusion of these studies is that there
is little likelihood of any long-term global
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effect cf B-1 operations upon the climate,
although there might be some small and:
transient local effects.

CHEMISTRY OF THE UPPER ATMOSPHERE:
Analysis of auroral ion composition results
have yielded estimates of nitric oxide con-
centrations for the E-layer which are higher
than mid-latitude values. Computational
studies indicate that these higher levels of
nitric oxide are apparently present before
the start of an aurora because only the
larger auroras, Class 11I or better, can ap-
parently perturb this initial nitric oxide dis-
tribution. A previous theoretical study of
the normal mid-latitude E region is in har-
mony with mid-latitude nitric oxide obser-
vations. Nitric oxide is an important ioniza-
ble gas at twilight and at night for the E
region. Furthermore this gas is involved in
the reaction O, + NO — NO* + O, which
may leave O, in the singlet delta state and
be an important'1.27 micrometer radiation
source in the-auroral region.

Studies of the solar proton event of
November 2-5, 1969 have led to a more

‘precise definition of the daytime electron

loss factor as a function of altitude. Ozone
observations during this event have been
interpreted as indicating that excess OH
plus H generated in ion-chemical processes
during the enhanced levels of the SPE re-
sult in a lowering of O; and O densities in
the lower mesosphere.

Laboratory work concerning ion-
molecule reactions of ‘interest with regard
toatmospheric nuclear bursts has been con-
tinued. The cross section for the process
O* + CO — CO* 4 O has been measured.
The dissociation energy (8.78 +°0. 13 eV)
and ionization potential (>6 eV) of
thorium monoxide as well as the ionization
potential of thorium dioxide, 8 ='1 eV have
been determined.

THEORETICAL DENSITY STUDIES: Deriva-
tion of density values from radar observa-
tions of the orbital motions of satellites has
continued. Cannon Ball II, Musket Ball
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Orbital drag density departures fromn theja(“
chia 1971 models for Musket Ball, for the
period August 7-24, 1971. K, and Fjo are
shaown for the same period.

and low altitude Air Force satellites have
been used to derive density data. Asa rcsult
of the-extensive data from these satellites
the models have been revised.

The model and the supporting data for
the new -U.S. Standard Atmosphere have
been completed and the text material is in
an advanced state of preparauon for publi-
cation. The Standard is prepared by the
Committee on the Extension of the Stan-
dard Atmosphere (COESA) and is spon-
sored by the Air Force, NASA and NOAA.

ATMOSPHERIC MODELS: The accom-
plishments to date include the measure-
ment of turbulent diffusion coefficients
and turbulent rates of dissipation from the
chemical releases of the ALADDIN pro-
grams, and the incorporation of these dif-
fusion coefficients into the one-dimen-
sional  photochemical-transport  time-
dependent theoretical model atmosphere
calculations. Comparison of the resultant
theoretical species distributions with the
experimental measurements from the
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ALADDIN programs gave excellent
agreement with the measured species [O,],
[A1], [Na}, [0,-(*A)] and fair agreements
with [O]. These excellent comparisons show
conclusively that vertical motions in the
snid-latitude mesosphere and lower ther-
mosphere are the duminant mechanism
cnmrollmg the -vertical distribution of
major and minor atmospheric-species.

These samé theoretical calculations in-
corporating the measured turbulent diffu-
sion coefficients of ALADDIN I were
utilized in developing the portion of the
proposed U.S. Standard 'Atmosphere, 1974
for altitudes between 80 and 250 km.

CHEMICAL RELEASE STUDIES

From June 1972 to June 1974 three major
field experiments. were carried out to de-
termine the dynamics of natural and
man-made disturbances in the upper at-
mosphere and their effects on atmospheric
characteristics and Air Force systems.
Dynamic natural disturbances (solar flares,
magnetic storms, etc.) or miclear events de-
grade or black out Air Force missile decec-
tion, tracking and communicatioris sys-
tems.

The first was HAVE GENIE II
(Geophysical Experiments for Neutral
Species in the Tonospheric E-Region) con-
ducted- at Eglin AFB, Florida, in October
1972. The program objectives were the de-
velopment of tracers and techniques to de-
fine atmospheric motions and turbulence
and to study the oxidation-reduction
mechanisms and radiation characteristics
of metallic vapors for defensc applications.

The second was HAVE MERLIN II
(Multiple Exploratory Releases for
Layering of Ions and Neutrals) in October
1973 at Eglin AFB, Florida. This explora-
tory program continued the objectives of
the October 1972 program and combined
measurements by chemical releases with in-
strumented probe measurements for com-
position and density.
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The third program was HAVE ALAD-
DIN '74 (dumospheric Layering and
Density Distributions of Tons and N eutrals).
The ALADDIN 74 program was planned
to measure the transport properties, struc-
ture, composition and optical emission of
the upper atmosphere. This program was
conducted on June 29 and 30, 1974 at Wal-
lops Island, Virginia, where 54 sounding
rockets were launched during a 24-hour
period in the largest coordinated scientific
rocket program to date. ALADDIN °74
combined Air Force, NASA, and Army
rockets into a single program with meas-
urements timed to coincide with nearby
passes of the Atmosphere Explorer-C
aeronomy satellite. The results, when used
as inputs for theoretical calculations, will
provide the most complete understanding
ever achieved of the upper atmosphere.

ATOMIC OXYGEN PROFILES: Nitric oxide
(NO) releases were conducted as part of the
GENIE, MERLIN and ALADDIN pro-
grams. The released NO reacts with am-
bient atomic oxygen and produces a head-
glow. The brightness of the headglow, as
measured with on-board photometers, is
directly related to the atomic oxygen den-
sity. This technique for measurement of
atomic oxygen profiles has been qualified
for both night and daytime measurements.
MERLIN data show a peak in atomic ox-
ygen density at 97 km, a trough at 105 km,
and another peak at 110 km. Similar double
peaks have been observed on other occa-
sions and indicate a discontinuity in the
turbulent structure of the upper atmo-
sphere. Thus, the atomic oxygen and the
related ionic species densities cannot be
represented by a simple, smooth profile.
Such unusual profiles will affect the RF
propagation characteristics of the lower
ionosphere, the optical emission intensity
of the natural airglow, and artificial glows
associated with missile exhaust gases.

CAYTIME WINDS AND RF CLOUDS:,
Development of instrumentation to pro-

vide a real-time day-and-night capability to
track vapor clouds in the upper atmos-
phere was completed and validated during
the ALADDIN series by measuring winds
during the day. This exercise provided the
first mecasurement of upper atmospheric
winds during a 24-hour period. This series
and further measurements can provide a
better understanding of the diurnal effects
involved in the dynamic interactions of
upper atmosphere processes and motions.
This technique provides the capability for
determining E-region winds in real time for
the placement of ion clouds at an optimum
altitude in the weapons reentry region for
use as radar targets and as radio wave re-
flectors for emergency communications
links. Another application is the capability
to provide optical calibration (position and
structure) of artificial ion clouds released
during daytime to determine radar system
susceptibility in-perturbed environments.

MESOSPHERE WINDS: A chemical smoke
tracer was developed and flight tested dur-
ing GENIE. This tracer provides the only
current valid technique for defining
D-region winds and turbulence. These
parameters are important to an under-
standing of the water vapor profile and its
impact on weapons effects and radio prop-
agation characteristics.

OPTICAL WEAPONS EFFECTS: Chemical re-
leases have direct bearing on existing and
planned defense systems and on under-
standing of high altitude missile and nuc-
lear effects. In this category belong the
metal oxide vapor releases, such as lithium,
sodium, cesium, barium, aluminum, iron,
nickel, lead and their oxides. Sodium and
aluminum vapors are ubiquitous ingre-
dients of missile exhaust and contribute to
their photoluminescent and chemilumi-
nescent radiation characteristics. Certain
oxides of metals form in nuclear explosions
and radiate in a portion of the optical spec-
trum where advanced tracking and homing
systems may operate. These metal oxide
clouds can also be reproduced by chemical
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releases in the upper atmosphere, permit-
ting the study of their lifetime and radia-
tion characteristics.

Metallic vapor releases of sodium,
lithium, barium, aluminum, iron, nickel
and lead were performed during the
GENIE and' MERLIN programs. It was de-
termined that the minimum altitude where
free metal vapors of their oxides can be
maintained for appreciable periodsis about
90 km. Below this altitude, the metallic
vapors condense. Aluminum, barium and
lead form the oxides, AlO, BaO, and PbO,
respectively, which are not readily reduced
by atomic oxygen. Other metal oxides
quickly disappear and then the free-metal
resonance lines become evident when il-
luminated by sunlight. An interesting
phenomenon was observed when sodium
was released at night without solar flucres-
cence; the released vapor emitted the
sodium D lines. Clearly, a chemilumines-
cent reaction must have occurred between
the released sodium gas and some ambient
species-probably atomic oxygen. This
phenomenon may have some bearing on
the natural scdium nightglow and on mis-
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sile plume sodium emission. Releases of
iron and nickel compounds demonstrated
that the vapor and oxides of these metals
are not significant sources of radiation in
nuclear afterglows. Data were obtained to
permit definition of the Al - O - AlO -
AlO, -hy system for E- and F-regions
during an evaluation of IR emitters.

CHEMICAL RELEASES' AS AIRCRAFT DE-
COYS: There is a need for improved in-
frared flares to protect advanced aircraft
against heat-seeking missiles. Exploratory
flight tests have previously shown the
promise of pyrophorics as infrared coun-
termeasures when relatively high radiant
intensities were_obtained per unit-mass of
released material. Intensity leveis and spec-
tral characteristics have been confirmed'in
controlled laboratory experiments. These
tests confirmed that the materials burn at
altitudes to 60,000 feet and that radiation is
independent of altitude. The effects of
aerodynamic drag on the mass and volume
of material released have been studied with
a co-flowing air stream at simulated al-
titudes. The significance of these labora-
tory tests have led to the adoption of this
concept for further development work by
the Avionics Laboratory.

CHEMICAL RELEASES FOR STRATOSPHERIC
PERTURBATIONS: In February and June
1973, the first extensive measurements of
stratospheric dynamics were completed at
White Sands Missile Range, New Mexico.
The experiments consisted of producing
and photographing sets of vertical and
horizontal smoke trails in the stratosphere.
Each of the vertical trails, 14 to 23 km, was
produced by dispensing TiCl, from Nike
rocket paylrsads. The horizontal trails were
made by {ael dumps and TiCl, from a
WB-57F flown-by the 258th Weather Re-
connaissance Squadron. These trails served’
as dye markers for both the motion of the
winds and the turbulent mixing. By con-
tinually photographing the trails for some
ten minutes, a time history is obtained from
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which wind shears are measured. Tele-
scopic photographs of the trails clearly
show the increase of trail diameter and the
action of turbulence in dispersing the
smoke. This information along with the
measurement of ozone densities obtained
simultaneously provide a necessary bench
mark for evaluating dynamic models of the
stratosphere. The models will be used to
predict the behavior of emission products,
supersonic bombers and missiles in the
stratosphere. These and other weapons-
produced perturbations can also have an
effect in the stratosphere, such as the possi-
ble reduction of the ozone layer. These pos-
sible effects can result in a higher incidence
of cancer, and loss of food crop production
in farms and oceans. A computer model of
stratospheric transport has been developed
which,in conjunction with published wind
profiles, -predicts a half residence time of
three years for emissions deposited 10 km
above the tropopause. The corresponding
vertical effective diffusivity of 0.3 meter
per second was obtained. Thus, clear air
turbulence is a major contributor to the
removal of pollutants.

CHEMILUMINESCENT STUDIES: Large mis-
siles produce characteristic missile plume
signatures as they pass through the earth’s
upper atmosphere. AFCRL developed a
program to simulate in a laboratory the ex-
haust gas interaction with the upper at-
mosphere. The laboratory simulation was
needed to vary parameters under con-
trolled conditions in order to determine the
chemical reactions and mechanisms pro-
ducing the observed chemiluminescence.

A small-scale, one-pound thrust engine
was fired in the AEDC 10V aerospace
chamber against a supersonic airsteam con-
taining atomic oxygen. The rocket exhaust
gas and the flowstream interacted simulat-
ing the upper atmosphere interaction. The
chemiluminescence of this region was
studied over a‘broad spectral region, and
was observed to increase in the presence of
atomic oxygen. The results of these meas-

urements are being used to define new sys-
tems for the determination of the thrust
and payload capabilities of ICBM’s.

THEORETICAL STUDIES: The Keneshea-
MacLeod dynamic model of theionosphere
was significantly improved by including the
effects of neutral wind-induced transport
on the long-lived metallic ions deposited in
the lower E region by meteors. Using
neutral wind data obtained in the ALAD-
DIN II (April 1972) rocket program, it was
shown that the sporadic E layer found ex-
perimentally was due to the compression of
metallic ions by the neutral winds. Fur-
thermore, the strength of this mechanism is
so great that the layer can be generated
from a constant background profile in a
half hour.

An analysis cf the errors induced by ne-
glecting vertical winds in deriving upper
atmospheric winds from chemical trail re-
leases was carried out. This study showed
that serious errors in deriving such
“pseudohorizontal” winds could be made if
the observation period wereas long as a few
hundred seconds. This led to the recom-
mendation that the errors could be
minimized by assuming a constant wind
over short observation times (less than 100
seconds) or a wind varying linearly with
time for longer observation times
(100-1000 seconds).

A scale autocorrelation coefficient was
developed that compares a function of time
with itself when the scale of times is
“stretched.” It was shown that this scale au-
tocorrelation can be used to determine
ratios of frequencies which occur in
phenomena with periodicities. The proper-
ties of the scale autocorrelation coefficient
were developed and applied to the finding
of some of the ratios of the frequencies.in
atmospheric pressures measured daily for
8,766 days. It was also applied to measure-
ments of the International Magnetic
Character Figure, C;, which was measured
daily for 27,258 days. These applications
are regarded as the first test of the utility of
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the scale autocorrelation coefficient. The
results indicate that the scale autocorrela-
tion coefficient'may prove to be a valuable
supplement to the use of the usual autocor-
relation coeffident and the Fourier trans-
formation of time-dependent functions.

Cross sections were calculated for the
resonance scattering of Lyman-alpha radi-
ation by spinless, non-relativistic hydrogen
atoms in the ground state using a two-level
model. A slight generalization of Dirac’s
resonance scattering theory was used to
take into account the degeneracy of the
upper state, together with the exact matrix
elements for the electromagnetic interac-
tion. In contrast to the usual treatments in
which only the dipole approximation for
the matrix element is taken, the shift in
position of resonance is finite. No renor-
malization is needed to obtain the finite
result. Moreover, if the <hift is interpreted
as an electromagnetic shitt in the energy of
the ground state relative to the first excited
state, this shift is close in value to the Lamb
shift. The differential cross section was
given as a funiction of the scattering angle
for both polarized and -unpolarized radia-
tion. The total cross section was shown tobe
equal to that obtained by detailed balancing
using the Einstein A and B coefficients. In
addition, the radiation pattern of the scat-
tered radiation was found.

Detailed measurements of the vertical
wind profile at SST altitudes were made to
evaluate atmospheric transport processes
of importance in establishing dispersal
rates of SST emissions. To obtain the neces-
sary high spatial resolution, dense tracer
trails of TiCl, were deposited from rockets
inthealtitude range, 13 to 21 km. The trails
were photographed at regular intervals
from three different locations to provide
position and time information from which
the wind parameters are computed. The
trail positions on the photographs were
measured on a digital scanning densitome-
ter which read x and y coordinates of points
along the trails with errors of the order of
one to two microns per centimeter. These

27

Adjusting a double grazing-incidence spec-
trometer prior to an Aerobee launch at Wal-
lops Island, Virginia.

data were digitized and recorded on
magnetic tape that was subsequently
analyzed and processed by the CRL 6600
computer.

SOLAR ULTRAVIOLET RADIATION

Models of the earth’s upper atmosphere
and ionosphere, constructed to aid our un-
derstanding of such features as the ob-
served temperature-altitude profile and
the neutral and charged particle density
distribution, depend upon detailed consid-
erations of the many photoabsorption and
photochemical processes occurring as a re-
sult of solar irradiation. Quantitative mod-
els require accurate experimental determi-
nations of the absolute intensity and spec-
tral distribution, as well as the temporal
variability, of the solar radiation reaching
the earth and the rate at which this energy is
absorbed and subsequently dissipated
within the atmosphere. Research in the Ul-
traviolet Radiation Branch provides such
solar flux measurements for the
wavelength range between 30 and 3500
angstroms, spanning the soft X-ray, ex-’
treme ultraviolet, vacuum ultraviolet and
ultraviolet spectral regions, as radiation of
these wavelengths interacts strongly with
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the atmospheric constituents. The basic
radiometric measurements, made with
calibrated spectrometers mated with solar
pointing controls, are carried by rockets
and satellites to altitudes well above 100 km.

ROCKET MEASUREMENTS OF SOLAR
UV: This phase of the solar ultraviolet
program uses high performance sounding
rockets to carry spectrometric instruments
to altitudes essentially outside the earth’s
atmosphere. Measurements made at the
top of the rocket trajectory reflect, with lits
tle correction, the incident solar flux, and
measurements made at lower altitudes
allow a determination of the rate of absorp-
tion of the radiation as it progresses
through the atmosphere. During this re-
porting period, the development of new
instrumentation has increased the spectral
range of measurement from-the previous
limits, 30 to 1250 angstroms, to include

wavelengths as long as 1950 angstroms and-

with the further instrumental capability to
extend the range to 3500 angstroms.

Of the five rocket experiments described
in this report, only one, on July 15, 1972,
failed completely. A grazing-incidence
spectrometer to measure the solar flux
throughout the 230 to 1260 angstrom re-
gion could not take any data because the
rocket exploded shortly after launch.

On August 23, 1972, an Aerobee 170
rocket was launched from White Sands
Missile Range, New Mexico, carrying a
double, grazing-incidence spectrometer to
measure fluxes in two bands, 55 to 300 ang-
stroms and 230 to 1220 angstroms. The
measurement phase of the experiment was
highly successful, but failure of the recov-
ery system resulted in loss of the spectrome-
ter which, at the time, was making a second
flight. Calibration throughout the spectral
range allowed precise determination of the
absolute flux levels for this date. These
measured fluxes taken together with
known photoabsorption cross sections and:
photochemical reaction rates have been
used to determine computationally the

electron density as a function of altitude.
The densities so determined, when com-
pared with simultaneous ionosonde meas-
urements of the electron density, show
agreement to within 30 percent.

A new spectroradiometric instrument
has been designed and fabricated to extend
the measurement capability into the vac-
uum ultraviolet, covering the range from
1250 to 1950 angstroms. The instrument,
machined mainly from beryllium, is of the
Ebert-Fastie type. The design is modular
and allows either two long wavelength or
one long and one short wavelength spec-
trometers to be combined into a single
payload. An experiment of the latter con-
figuration was launched on an Aerobee 170
from White Sands Missile Range on
November 2, 1973 allowing for the first
time simultaneous coverage of the spectral
regions 220 to 1250 angstroms and 1250 to
1950 angstroms. The flight was largely suc-
cessful, suffering only from occasional data
dropouts on the short wavelength channel.
The recovered instrumentation was refur-
bished with a slight modification - and
launched a second time on April 23, 1974,
On this date, the two spectrometers oper-
ated flawlessly but were lost because of a
recovery failure. Data from these two
flights are currently being analyzed. Initial
indications are that the new spectrometer
operated with the design resolution (0.1
angstrom) and efficiency (about 3 percent)
and is a generally satisfactory instrument.
Eventual determination of the continuum
radiation levels in the 1300 to 1600 ang-
strom region is of particular interest since
previously reported values by other inves-
tigators are discrepant by as much as a fac-
tor of 3. Preliminary results from the
AFCRL measurements indicate flux values
near the larger limit of the range of existing
measurements. )

As a part of the ALADDIN III program,
an Aerobee 170 rocket was launchéd on
June 29, 1974 from Wallops Island, Vir-
ginia. This double, grazing-incidence spec-
trometer was designed primarily to acquire
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data relevant to the determination of at-
mospheric composition. Throughout the
flight, eight pre-selected wavelengthsin the
range between 284 and 1206 angstroms
were  scanned  repeatedly.  Under-
performance of the rocket limited the data
coverage to about 50 percent that of a nor-
ntal flight. The available data are currently
being analyzed to give the composition in
terms of number densities of atomic ox-
ygen and of molecular oxygen and ni-
trogen which can be compared with mass
spectrometric measurements made with
another rocket of the ALADDIN program
at approximately the same time.

SATELLITE MEASUREMENT OF SOLAR UV:
Satellite-borne instrumentation affords the
opportunity for nearly continuous solar
flux measurements over extended periods
of time. Such extensive data allow a study of
long-term temporal variations in the flux
levels which are associated with the rela-
tively slow changes in solar activity occur-
ring over one or more solar rotations. The
nearly continuous time coverage increases
the probability of observing those unpre-
dictable impulsive events of a few minutes
duration which are associated with eruptive
phenomenasuch as solar flares. In a man-
ner similar to a rocket experiment, meas-
urements of atmospheric attenuation can
also be made from a satellite spectrometer
over those portions of an earth orbitduring
which the satellite penetrates deeply into
the atmosphere as well as during periods of
solar occultation occurring at satellite sun-
rise and sunset. The Ultraviolet Radiation
Branch has designed and supplied
spectrophotometric experiments as part of
three payloads of the present NASA At-
mosphere Explorer series. The first
spacecraft of the series was launched on
December 16, 1973 and will be followed by
two additional launches in 1975.

The satellite spectrophotometer-is com-
posed of 24 grazing-incidence mono-
chromators and provides flux measure-
ments throughout the 140 to 1850 ang-
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The AFCRL solar ultraviolet spectrometer
and solar pointing subsystem for the NASA
Atmosphere Explorer series satellites.

strom region. Of the 24 monochromators,
12 are stationary at fixed wavelengths,
while the remaining 12 scan, in segments,
the total wavelength-range. The spacecraft
orbits the earth 11 times each day, with a
perigee altitude of 135 km and.an inclina-
tion of 65 degrees. This orbit, which is
maintained by occasional firings of an on-
board engine, allows a sequence of opera-
tions which is significant for the aeronomi-
cal purposes of the mission. At alidtudes
between 400 and 1000 km, below the high
energy radiation belts, measurements are

_made of the unattenuated or incident

fluxes. During the perigee-near portions of
the orbit, down to- 135 km, the observed
flux levels show attenuation resulting from
atmospheric absorption. Additional obser-
vations made near satellite sunrise and sun-
set extend the attenuation measurements
to altitudes as low as 100 kin. In one respect
the perigee pass of the satellite differs from
the vertical probing of a sounding rocket in
that the satellite in passing through perigee
sweeps through a much larger range in
latitude and tends to blend atmospheric at-
tenuation features which show a latitudinal
dependence. This shortcoming can be tol-
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erated since the satellite instrument pro-
vides the equivalent in data of 11 rocket
experiments each day. Because of the mo-
tion of perigee and the precession of the
orbit, eventually attenuation measure-
ments will be made over a wide range of
latitudes and local times during- the
planned one-year lifetime of the mission.

During the first six months of operation,
approximately 2,000 orbits have been
logged. In this time period there have been
seven solar rotations. Preliminary results
show notably different behavior between
wavelengths longer than 1200 angstroms
and shorter wavelengths, both in amplitude
and phasing, with regard to the variations
associated with changing solar activity.
Spectrally, those emissions originating in
different regions of the solar
atmosphere—that is, coronal, chromo-
spheric or near-photospheric—exhibit var-
iations of widely differing magnitude rang-
ing from a few percent for photospheric-
like radiation to several hundred percent
for coronal excitations. One impulsive
event chronologically associated with a
solar sub-flare has been found to exhibit
remarkable similarity to the simultaneous
sudden increase in radio emission at 10.7
centimeter wavelength. A great many at-
tenuation profiles have been recorded by
the spectrophotometer. The stability and
low background achieved by the instru-
ment are making the determination of op-
tical depths computationally straightfor-
ward.

MIS3ILE PLUME OPTICAL RADIATION
MEASUREMENTS: The final rocket probe
flight of Project Chaser occurred during
October 1972, This program measured
missile plume signatures of ICBM launches
on the Western Test Range, Vandenberg:
AFB, California. Measurements were ob-
tained of the radiant intensities of the mis-
sile during the upper stage burns for usein
systems development. This program was
supported by.the Space and Missile Systems
Organization (SAMSO) and was a joint ef-
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fort with the Optical Physics Laboratory
and Aerospace Instrumentation Labora-
tory of AFCRL. Missiles using three rep-
resentative propellant combinations were
observed during the project. Data analysis-
and systems studies using the Chaser data
are continuing both at AFCRL and else-
where. Interest in further, similar meas-
urements led to program direction for an
Advanced Development Plan in mid-1973.
The proposed “Multiband Technology”
program was approved and received initial
funding in July 1974. However, to meet the
requested program milestones, considera-
ble prior effort was expended to plan and
establish the technical requirements of the
measurements. In contrast to the previous
Chaser measurements, which were only at
night, it is planned to have several meas-
urements during daytime. Two general
types of measurements will be made: target
engine measurements of test rocket en-
gines carried with the sensors on one large
rocket probe, and high probe measure-
ments observing missile test flights on the
Western Test Range. The Project Chaser
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measurements have shown -that chemical
reactions both within the exhaust gases and
following mixture of the exhzust :with the
ambient atomic oxygen produce chemilum-
inescent emission. Further field observa-
tions with improved spatial and spectral
resoiution and associated directed research
in this laboratory will provide the necessary
information for application of this ul-
traviolet emission to » wide range of sys-
tems missions.

ATMOSPHERIC ULTRAVIOLET MEASURE-
MENTS: Surveillance satellites for detection,
tracking, attack assessment and other mis-
sions must continually be upgraded to re-
spond to changing military situations. This
work will provide detailed information on
the earth atmospheric emission whick
forms the background radiation environ-
ment within which missile targets must be
observed. Work on a satellite experiment
entitted “Vacuum Ultraviolet Back-
grounds” has been initiated, and the exper-
iment is partly fabricated. The experiment
will measure global UV levels with spectral
resolution up to 1 angstrom using an
Ebert-Fastie spectrometer and sp-tial ves-
olution to 1 km using a broad-band pho-
tometer. The experiment is planned for
launch in 1977. This work is closely related
to our missile plume radiation measure-
ments, and the results of the two efforts will
allow a complete and reasonably definitive
statement on surveillance uses of the ul-
. traviolet. The primary unknown is the
strength and global distribution of the
Lyman-Birge-Hopfield bands of Nz, which
occur in a region which otherwise has an
extremely low atmospheric radiance, due
to photoabsorption by molecular oxygen in
the Schumann-Runge continuum. In addi-
tion, the intensities and distribution of the
oxygen emission lines at 1304 and 1356
angstroms will be correlated with atmos-
pheric, ionospheric, and auroral paramet-
ersinan effort to develop passive sensors of
quantities such as the electron density pro-
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file. Where feasible, missile target meas-
urements will be conducted.

ULTRAVIOLET PHOTON CROSS SECTIONS:
Knowledge of the interaction of ultraviolet
photons with atmospheric gas molecules is
essentiz! to a wide class of Air Force in-
terests, such as atmospheric characteristics,
both ionosphericand stratospheric, and the
extent and severity of blackouts from at-
mospheric nuclear detonations. Progress
has continued in an effort to obtain values
on all the earth atmospheric gases for the
total absorption cross section, the total
photoionization cross section, and partial
photoionization cross sections. During this
period, thefirst two types of cross sections
were reported for water vapor in the VUV
region. The oscillator strengths of atomic
oxygen were also measured and reported.
These observations provide a measure of
the total absorption at strong lines. Partial
cross sections will be measured with a
photoelectron spectrometer, which was
built and partly tested during this period.
Finally, special reports of cross-section val-
ues at solar e.nission lines and at emission
lines produced by nuclear detonations have
been prepared for the Defense Nucléar
Agency and other user groups. The photon
cross sections obtained by this research-are
especially important in predicting the ef-
fects of high altitude nuclear bursts, and
they are primary inputs to computer codes
such as ROSCOE, RANC IV, and OPTIR
which model the perturbation and return
to ambient conditions. The results define
the environment within which Air Force
equipment must operate. In addition, all
other atmospheric model atmospheres or
ionospheres must use cross-section data to
account for the initial energy input.

ANALYSIS OF MOLECULAR NITROGEN
SPECTRA: Knowledge of the high energy
(14.3-15.5 eV) Rydberg States of N, has
long been incomplete and unsatisfactory,
primarily because of the lack of detailed
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high resolution spectroscopic swudies. The
present work remedies this situation by
providing high quality, rotationally re-
solved and analyzed absorption spectra in
the difficult wavelength region 900-870
angstroms, where wavelength resolution of
0.005 angstrom was achieved. The excited
states reached by photon absorption from
the ground state are Rydberg states con-
verging on the loy est state of the molecular
ion N,*. From t e two Rydberg series
photographed, acc irate molecular con-
stants, coupling constants, and baund origins
were derived. A marked change in the cou-
pling condition occurs as the principal
quantum number of the excited Rydberg
orbital increases. Numerous spectral per-
turbations were observed and analyzed.

ABSORPTION SPECTRA OF MOLECU'AR
CLUSTERS: Molecules held together by weak
forces not involving chemical bonding are
called clusters. Cluster ions occur in the
upper atmosphere, and neutral clusters are
an intermediate step in the nucleation pro-
cess of gas-to-particle conversion in a free
jet expansion. Little is presently known
about the energetics of formation of clus-
ters or their radiative properties. The simp-
lest neutral clusters are the rare gas dimers
suchas Ne, or Kr,. These areimportant not
only as cluster prototypes but also in their
own right as the working medium in high
intensity vacuum ultraviolet (VUV)
sources, including the recently discovered
rare gas VUV lasers which are among the
shortest wavelength coherent sources cur-
rently available. Detailed -characterization
of the ground and excited electronic states
involved is required to effect improved ef-
ficiency and greater intensity of VUV emis-
sion. A possible application for intense
VUV sources is in the area of satellite-to-
satellite communications.

The present high resolution VUV ab-
sorption studies on Ne, and Kr, reveal the
ground-state vibrational structures of these
van der Waals dimers in sufficient detail to
permitdefinitive determination of dissocia-
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tion energies and of potential well depths
and shapes. For example, the ground elec-
tronic states of Ne, and Kr, respectively
contain 2 and 16 bound vibrational levels
and have dissociation energies of 0.0021
and 0.0157 eV. Information is also ob-
tained on the long-range parts of many ex-
cited electronic states by observing the ef-
fects on the spectra of increased gas pres-
sure; almost every atomic transition then
gives rise to molecular bands of the dimer.
Heteronuclear molecules such as HeNe,
ArKr, and ArXe have also been detected, as
have the corresponding heteronuclear
ions, and the analyses of these band systems
are in progress.

DESIGN CUMATOLOGY

Military materiel must have year-round
world-wide endurance capability and oper-
ational utility. Equipment that is over-
designed could be costly, yet ineffective.
But underdesign could cause failure and
loss of life. Climatological studies, there-
fore, inave been :nntinued to improve our
knowledge of the risks of weather extremes
as they relate to the Air Force’s design of
equipment and operational planning.

CLIMATIC EXTREMES: Department of De-
fense Military Standard 210, Climatic Ex-
tremes for Military Equipment; is the
document used by the three Services to
specify climatic design criteria for equip-
ment destined for world-wide usage. When
AFCRL was given technical responsibility
for this Standard in 1967, it was realized
that the criteria in the then current version
were obsolescent. A major DOD effort was
spearheaded to revise MIL-STD-210A; an
effort which culminated in December 1973
with DOD acceptance of MIL-STD-210B.
Since 1967, numerous scientific studies
were accomplished to revise criteria in
MIL-STD-210A; and during the last two
years, studies dealing with thermodynamic
properties of the atmosphere between 3
and 80 km, diurnal cycles of high absclute
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humidity, extremes of low density for sur-
face elevations to 15,000 feet, extreme rain-
fall rates for one minute, and 1,.12 and 24
hours, and extremes of surface and upper
air wind speed were completed. The study
on rainfall rates was particularly useful in
an investigation to determine whether
F-11]1 engine flameouts over Southeast
Asia could be due to water ingestion. Also
prepared under one cover was a synthesis
of all studies, including Army and Navy
inputs, which establish and support the
criteria in MIL-STD-210B. In the stan-
dards field, this is unique since most stan-
dards lack verifying supporting documen-
tation.

Several presentations at national meet-
ings and at the Office of the Assistant Sec-
retary of Defense and the publication of
AFCRL technical reports resulted in
numerous requests for consultation with
Air Force designers in the area of climatic
extremes.

WINDS-AND GUSTS: Wind studir:s related
to design and operational problems have
long  occupied the attention of
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to all exposed Air Force systems. Research
in the area of strong surface winds had
been conducted in the past at AFCRL, but
the relationship between short heriod
winds (gusts) and winds averaged for a
minute or more had not been explored. Itis
this spectrum of gusts associated with a
strong wind that is needed for-planning,
design and operation.

A recently published comprehensive re-
port on extreme wind speeds; gustiness,
and variations with height was the culmina-
tion ol a three-year study using original
wind records. Nomograms of gust factor
versus gust duration and steady wind speed
were used to assign the most dynamically
effective gust according to equipment di-
mensions. Also, a power-law relationship
was developed for adjusting-windspeed to
a common height.

A follow-on study is currently being con-
ducted to determine a statistical description
of the wind speed range (difference be-
tween maximum and-minimum) as a func-
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climatologists. Studies currently underway | ALTITUDER )
include winds for Air Force paradrop -op- g g g 88 g_ ; T
erations, gustiness and range of wind speed ° i € :
during periods of strong winds, and upper f“’ ] i
air mean winds for reentry vehicles. o0 [ ._;_'//'/4‘ ,
Air Weather Service expressed a need Q% 14— i %
for knowledge of winds.at altitudes up to :;: >g i R
1,500 feet for support of Tactical Air  Z.| \ | o
Command low level paradrop missions. ::_ / \\ $ A :
Often the.most important factor in TAC’s g al : \E\ :
frequent inability to -paradrop men or ;_ —— ?
materiel on a particular target is insuffi- 3 L
cient specification of the mean wind be- i i $ i i
tween drop altitude and the surface. An ;
AWS SPEdal'smd}"ir_" 1971 pOim(?d"to’the Probability of having a clear line-of-sight j
strong need for studxes. of suchwmc?s. Ac-  from various altitudes to the ]grotlu;)d]a:i—sg(-) i
cordingly, a study was initiated specifically ‘::g ?é’o;iggzefod&l’c’ﬁ;‘:: Sogles o ;egm &

aimed at examining the nature and variabil-
ity of paradrop winds. The study was just
recently-completed.

Knowledge of surface wind gustiness
during periods of strong winds is important

elevation angles (labeled -+30 and +60) based
on 205,000 inflight observations taken over
the Northern Hemisphere between 1968 and
1974, Values along the right abscissa indicate
the number of obscrvations taken at the indi-
cated heights.
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tion of time interval and mean wind speed.
Such relationships are important in the de-
sign and operation of aircraft, especially
VSTOL aircraft, during takeoff and land-
ing. Some of the results of this study are
currently being used in the design of an
undergraduate pilot trainer.

A third investigation, also related to Air
Force design or operational problems, is
concerned with upper air mean winds for
reentry vehicles. In this study, observed
mean monthly winds at altitudes 5,000 to
80,000 feet are being compared to the cur-
rently used gradient winds to-determine
their accuracies.

SEEABIUTY: The increased use of optical,
infrared and laser sensors in detection,
lock-on and tracking systems, many of
which cannot see through heavy haze or
clouds, has resulted in the need for more
information on the probability of haze- or
cloud-free lines of sight. Also, there are
many military operations which are inhib-
ited and often terminated by hydrometeor
interference, such as erosion effects on
hypersonic  vehicles and millimeter-
wavelength communication outages due to
precipitation.

In order to determine how often haze or
clouds would limit operations, two efforts
were conducted: an in-flight observation
program and the development of a cloud-
free line-of-sight (CFLOS) model based on
observed cloud-cover statistics. A third ef-
fort was initiated to determine the probabil-
ity and amount of precipitation that would
occur along ray paths through the atmos-
phere.

A six-year collection of more than
250,000 in-flight line-of-sight observations
over much of the Northern Hemisphere
was concluded in July 1974. Analysis of
these observations will provide prob-
abilities of clear, cloud-free or haze-free
lines of sight from an aircraft at various
altitudes to the sky, horizon, and surface of
the earth.

A model for estimating CFLOS prob-

abilities was developed by correlating
cloud-cover observations with whole-sky
photographs. The model will give CFLOS
prubabilities through the atmosphere for
any desired elevation angle based on the
cloud-cover statistics for a given location.
Because signals transmitted through the
atmosphere in the visible and infrared por-
tions of the ¢lectromagnetic spectrum can
be seriously degraded by clouds, the utility
of such systems caun be greatly enhanced by
placing ground receivers at several loca-
tions. Therefore, the CFLOS model was
extended to estimate joint probabilities of
cloud-freelines of sight from n of m observ-
ing sites by using a climatic record of sky-
cover obsevvations taken simultaneously
from each of the m sites.

The objective of the third effort is to de-
velop a climatology of pre ipitation occur-
rence along atmospheric ray paths. Virtu-
ally no quantitative information exists on
how often attenuation, due to precipita-
tion, will affect microwave transmission at
various elevation angles. Since July 1973,
special photographic observations have
been taken at 17 National Weather Service
radar sites. The radar scope is photo-
graphed every three hours with the an-
tenna in each of four elevation angles—0,
15, 30 and 45 degrees. These photographs
will be used to determine the slant range
thickness of precipitation echoes. These
data will provide probabilities of precipita-
tion interference not only from the surface
outward, but also between levels and from
any level out through the atmosphere or to
the ground. Data collection for this pro-
gram will continue through December
1975,

5 ANDARD AND RELFERENCE ATMOS-
PHERLS: A proposed revision to the U.S.
Standard Atmosphere for levels between
50 and 85 ks was adopted by the U.S.
Committee on Extefision to the Standard
Atmosphere (COESA). It is being incorpo-
rated into the U.S. Standard Atmosphere
developed by COESA for levels up to 1,000
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kra. The same revision has also been
adopted by the International Standards
Organization for the ISO Standard Atmos-
phere which extends to 80 km.

As part of a continuing investigation of
the distribution and variability of atmos-
pheric properties between 30 and 120 km,
the U.S. Standard Atmosphere Supplements,
1966 are being revised and expanded in
scope. Monthly models for each 15 degrees
latitude from- equator to pole are being
completed for altitudes up to 90 km.
Specialized winter models are also-being
developed to describe warm and cold
stratospheric and mesospheric conditions
typical of arctic and subarctic regions. As a
result, these reference atmospheres will
depict the horizontal and vertical distribu-
tions of the thermodynamic properties of
the atmosphere that would be encountered
by aerospace vehicles.

INSTANTANEOUS PRECIPITATION: Re-
search on instantaneous precipitation rates
was continued and expanded because of
its importance in the development of
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ground approach control radars, satellite
communication systems, search radars, etc.
A generalized relationship was developed
to specify the rates that would be exceeded
with any desired probability of occurrence
from 2 percent to 1/10 percent at any pluce
in the world. The calculations can be made
from standard climatological data. Re-
search on the relationship between instan-
tancous rates at a point and along a hori-
zontal path has begun. Preliminary results
indicate that the average intensity along the
path increases with path length for light
rainfalls, and diminishes with increasing
path length for high rates of fall.

CONDITIONAL PROBABILITY: The work to,
produce an analytical model of the condi-
tional probability of an event following a
previous event of the same kind was begun
several years ago as a basic form of short-
range prediction. While many elements in
the physical process must enter irto the
development of a cloudy condition, it is
nevertheless apparent that theinitial condi-
tiotr of the cloud cover, simply by itself,
implie; a determinable probability of that
cloud cover persisting, rising, lowering or
dissipating.

The approach has been to transform the
weather element into a normalized vari-
able. Two normalized values, the initial and
the subsequent, separated by an interval of
time, have joint probability of occurrence
which is greater, the greater the correlation
between them. An equation yielding the
conditional probability that a later event
will not exceed any desired threshold value
was derived in terms of the cumulative
probability distribution of the subsequent
initial value.

The next phase will introduce an addi-
tional predictor. In the case of cloud cover,
the additional element will be wind direc-
tion or moisture content as revealed by dew
point.

STOCHASTIC MODELING: This investiga-
tion is aimed at relating the probability of a
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single-point event, like rainfall at the Bos-
ton, Massachusetts, rain gauge, to the cor-
responding probability of the event extend-
ing overalarger area. The work was under-
taken as a parallel effort to the previously
successful modeling of the time frequency
and duration of weather events. Modeling
for simultaneous occurrences in a horizon-
tal field, however, proved to be much more
difficult since there were very few
guidelines from previous authors.

With the use of electronic computers. this
present effort has produced a stochastic
model by Monte Carlo simulation. In its
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Normal Probability Plot of New England July
24-hour Rainfall. Based on 20 years of data
(1952-1971), the X’s on the ordinate give the
single-point frequency of no rain, <0.1 inch,
<1.0 inch, <3.0 inches. The remaining X’s
give the frequencies of the same amounts as
maxima in areas of 182, 362, 542, 722, and 902
nm?. The curves give model estimates of the
probability of each amount as maximum in
the area.

application, estimates are made of the
probability of threshold conditions of the
weather. In July, in a New England area
centered near Worcester, Massachusetts,
the:probability of no rain, on any day, is 62
percent, of less than 1 inch is 97.5 percent,
and of less than 3 inches is 99.9 percent. For
an area of (90 nm)?, the frequency of no
rainfall averaged only two days of the
month, but the frequency of a heavy rain-
fall of 3 inches or more, somewhere in the
area, was as high as 3 percent, making it
expected at least once during July.

Application of the model made possible
such estimates of rainfall as the following:
the probability is 9 percent that one tenth of
the 8,100 square nautical mile area will re-
ceive 1.0 inches or more of rainfall in 24
hours, the probability is % percent that as
much as one half of the area will receive 1.0
inches of rain. When it rains at the rain-
recording station, the probability is 58 per-
cent that it will be raining simultaneously
over an entire large city (11 square nautical
miles).

Since the stochastic model has proved ef-
fective for the -probability estimates of
24-hour rainfall in New England, it is ex-
pected to apply to other elements of the
weather, such as cloud cover, the horizontal
extent of fog, warm temperatures, or cold
waves. Future work will be devoted to adap-
tation of the model, as required by the ap-
plications.
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Ger. (23 May - 6 June 1973)

FAIRrg, A, C., MurpRY, E. A., and OLSEN, R. O. (Atm.
Sci. Lab., White Sands, N. M.)

Neutral Atmospheric Densily, Temperature and Winds
1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

Atmospheric Density Temperature and Winds Measured
During ALADDIN 11

16th Plenary Mtg. of COSPAR, Konstanz, Fed. Rep. of
Ger. (23 May - 6 June 1973)

FoNTIN, A. (Acrochem., Inc., Princeton, N. J.),
Govroms, D., and HopGesoy, ]. A. (Envmt. Protection
Agcy., Res. Triangle Pk., N. C.)

A Review of Experimental Measurement Methods Based on
Gas-Phase Chemiluminescence

Intl. Chemiluminescence Symp., Univ. of Ga., Athens,
Ga. (18-14 October 1972)
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Forses, J. M., Carr.

Thermospheric Response to Joule Heating in the Auroral
Electrojet

ARPA lono. Modeling Mtg., NOAA, Boulder, Colo.
(31 October - 2 November 1972)

FRrReeMaAN, D. E., YosHino, K., and TANAKA, Y,
Vacuum Ultraviolet Absorption Spectrum of the Van der
Waals Molecule Xe, Part 11, Ground State Vibrational
Structure and Potential Well Depth

29th Ann.Symp. on Mol. Structure and Spectroscopy,
Ohio State Univ., Columbus, Ohio (10-14 June 1974)

Gotrowms,-D.

Metallic Vapor Releases - A Status Report

DNA Atm. Eff, Symp., San Diego, Calif. (3-13 April
1973)

Gorowms, D,, and Best, G. T.
Photoluminescence of PbO in the Upper Atmosphere

55th Ann. Spring Mtg. of the Am, Geophys. Union,
Wash., D. C. (8-12 April 1974)

GoLous, D., and Goop, R. E.

Atomic Oxygen Densities from Nitric Oxide Headglow
1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1978)

Goop, R.E., Best, G. T,, and HareeLy, G. F. (Off. of
Res. Svc.)

Rocket Measurement of Ozone at Tuilight

1975 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

Goon, R. E., and GoLoms, D.

Dimerization in Free Jets, First Step Toward Condensation
8th Intl. Symp. on Rarefied Gas Dyn., Stanford Univ.,
Menlo Pk., Calif. (10-14 July 1972)

NO Releasein Sunlight and Measurement of Atomic Oxygen
from Chemiluminescence

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D. C. (8-12 April 1974)

GRINGORTEN, I, I,

A Stochastic Model of Areal Persistence

3rd Conf. on Prob. and Stat. in Atm. Sci., Boulder,
Colo. (19-22 June 1973)

A Study of the Horizontal Extent of Rainfall by Stochastic
Modeling

1978 Ann. Fall Mtg. of the Am. Geophys. Union, San
Francisco, Calif. (10-14 December 1973)

Harr, W. N,

Low Latitude Pulsating Auroras
1978 Ann. Am. Geophys. Union Mtg., Wash,, D. C.
(16-20 April 1973)

HorrMan, H. S, GoLoms, D., and Best, G. T.
Chenutuminescence of Sodium Vapor Released at Night

"

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D. C, (8-12 April 1974)

Hurrman, R, E.

Vacuum Ultraviolet Spectroscopy and the Earth's Atmosphere
(Inv. Sem.) Atomicand Mol. Phys. Gp., Dept. of Phys,,
Univ. of Tex., Austin, Tex. (20 October 1972)
Vacuum Ultraviolet Problems Related to Weapons Effects
Codes

DNA Atm. Eff. Symp., San Diego, Calif. (9-13 April
1973)

Vacuum Ultraviolet Instrumentation

Sem., Univ. of Calif,, Santa Barbara, Calif. (11 April
1973)

InNEs, F. R,

The Classical Adjoint for Spherical Tensors and Products
Am. Phys, Soc, Mtg., Wash., D. C. (23-26 April 1973)
The Operators of Angular Momentum Theory and their
Adjoints

Am. Phys, Soc. Mtg., New England Sec., Providence,
R. L (5-6 April 1974)

Katavama, D, H., HureMman, R. E,, and TaNAKa, Y.

The Absorption Spectrum of O, in the Vacuurs Ultraviolet
Region

Symp. on Mol. Structure and Spectroscopy, Ohio State
Univ., Columbus, Ohio (11-15 June 1973)

0, (a-*Ag) Absorption Bands in the Vacuum Ultraviolet

29th Ann, Symp. on Mol. Structure and Spectroscopy,
Ohio State Univ., Columbus, Ohio (10-14 June 1974)

KEeNESHEA, T. J.

Numerical Model of the ALADDIN [ Experiment

2nd Conf. of Appl. of Chr.» to Nuc. Wpn. Eff,, Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

KEeNesHEA, T. J., and ZIMMERMAN, S. P,

Modeling the ALADDIN II Experiment

1978 Ann, Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

KiTROSSER, D. F., Goroms, D., and REks, D. (Univ.
Coll., London, Eng.)

Temperatures, Diffusion Coefficients and Densities from
Photoluminescent A10 Clouds

1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

KieN, F. S., LEMPERT, G, D. (Weizmann Inst., Israel),
MuRrap, E., and Persky, A. (Weizinann Inst., Israel)
Product Distribution in Ion-Neutial Collisions

6th Intl. Conf. on Mass Spectrometry, Edinburgh,
Scot. U, K, (10-14 September 1978)

LenHarD, R, W.
Precipitation Intensity and Extent
IUCRM Collog. on the Fine Scale Structure of
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Precipitation and EM Propagation, Nice, Fr. (23-31
October 1973)

Lunp, . A.

An Objective Procedure for Alerting Forecasters of Potential
Low Visibilities at Travis AFB, California

5th AMS Conf. on Wea. Forecasting and Analys., St.
Louis, Mo. (4-8 March 1974)

Mac Leop, M. A., KeNestea, T. J., and RaniscH, B,
W. (Lowell Technol. Inst. Res. Fdn., Lowell, Mass.)

The ALADDIN Il lonosphere: A Comparison of Theoretical
Calculations with Digisonde Observations

1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973).

Manson, J. E.

Calitration Techniques Between 30 and 200 Angstroms
NBS.Sponsored Sec. Wkshp. on VUV Radiometric
Calibrations of Space Exper., Univ. of Colo., Boulder,
Colo. (28-29 November 1972)

Marcos, F. A., Mc INERNEY, R. (OfF. of Res. Svc.),and
DEeLOREY, D., RicHARDS, E. (Boston Coll., Mass.)
Satellite Density Measurements of the Lower Thermosphere
Summer Northern Hemisphere

55th-Ann. Spring Mig. of the Am. Geophys. Union,
Wash., D. C. (8-12 April 1974)

Moses, H. E.

A Simple Exact Solution for the Motion of the Atmosphere
About the Rotating Earth

Fall Ann. Mg, of the Am, Geophys. Union, San
Francisco, Calif. (4-7 December 1972)

Mureny, E. A, FAIRE, A, C., and CHAMPION, K. §. W.
Density and Temperature Measurements in the Polar Winter
Atmosphere During Quiet and Disturbed Conditions

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D. C. (8-12 April 1974)

MurpHY, E. A., FAIRE, A, C., ZIMMERMAN,
S. P., and ROSENBERG, N. W.

Atmaspheric Instabilities Measured During ALADDIN 11

1973-Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

Narcisi, R. S.

Muss Spectrometer Measurements in the lonosphere
Summer Adyv. Inst. on Phys. and Chem. of Upper
Atm., Univ. of Orleans, Orleans, Fr. (31 July - 11
August 1972)

A Potpourri on the Lower lonosphere, D and E Region
Composition During PCA and Auroral Disturbances

2nd Conf. of Appl. of Chem. to Nuc. Wpn. Eff., Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

Ion and Neutral Composition Measurements in the Lower
ITonosphere

16th Plenary Mtg. of COSPAR, Konstanz, Fed. Rep. of
Ger. (23 May - 6 June 1973)
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The Lower lonosphere - Its Composition, Structure and
Phenomenology

Colloq., WorcesterPolytech., Worcester, Mass. (8 May
1974)

Narcist, R, S., BAILEY, A. D., THOMas,

D. M., and WLopYKa, L. E.

D and E Region Peositive Ion Composition During an
Auroral Absorption Event

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D. C. (8-12 April 1974)

Narcisy, R. S., and Swibeg, W.

Mesospheric Neutral Constituents Deduced from PCA Ion
Composition Measurements

DNA Atm. Eff. Symp., San Diego, Calif. (9-13 April
1978); 1973 Ann. Am. Geophys. Union Mtg., Wash.,
D: C. (16-20 April 1973)

PAULSEN, D. E. LARRABEE, |. C., LE BLanc, F. J., and

HurrMan, R. E.

Measurement of the Night Ultraviolet Airglow Layer Near
100 Kilometers

1973 Ann. Fall Mtg. of the Am. Geophys. Union, San

Francisco, Calif, (10-14 December 1973)

Paursoy, J. F.

Laboratory Studies on Ion-Neutral Reactions

2nd Conf. of Appl. of Chem. to Nuc. Wpn. Eff,, Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

Charge Transfer and Collisional Dissociation Reactions in
Ion Beam Studies

DNA Atm. Eff. Symp., San Diego, Calif. (39-13 April
1973)

PauLson, J. F., and GaLk, J., HENCHMAN, M, .,
Masson, A. J. (Brandeis Univ., Waltham, Mass.)
Accidentally Resonant Charge Transfer Reactions

22nd Ann. Conf. on Mass Spectrometry and Allied
Topics, Philadelphia, Pa. (13-17 May 1974)

Puiisrick, C. R,

Satellite Measurements of Atmaspheric Composition in the
Altitude Range 150 to 450 Km

16th Plenary Mtg. of COSPAR, Konstanz, Fed. Rep. of
Ger. (23 May - 6 June 1973)

PuiLsrick, C. R., FAUCHER, G. A., and TrzcINsKS, E.
Composition Measurements Duving the ALADDIN 11
Program

1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1973)

PHiLBRick, C. R., GoLoMB, D., ZIMMERMAN, S. P,,
KengsHEa, T. J., Mac Leop, M. A,, Goop, R. E,,
DANDEKAR, B, S., and ReiniscH, B, W. (Lowell
Technol. inst. Res. Fdn,, Lowell, Mass.)

The ALADDIN Experiment - Part II, Composition
(Preliminary Resulls)
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16th Plenary Mtg. of COSPAR, Konstanz, Fed. Rep. of
Ger. (23 May - 6 June 1978)

PorTeRr, H. S. (Univ. of Cincinnati, Ohio), SILVERMAN,
S. M., and TuaN, T. F. (Univ. of Cincinnati, Ohio)
The Effect of Gravity Waves on 6300 A and 5200 A Airglow
"1978 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1978)

Regs, D. (Univ. Coll,, London, Eng.), KiTRosseR, D. F.,
and GoLoms, D.

Combined Temperature, Diffusion Coefficient and Density
Measurements of Photoluminescent A10 Releases

16th Plenary Mtg. of COSPAR, Konstanz, Fed. Rep. of
Ger. (23 May - 6 June 1973)

ReiniscH, B, W. (Lowell Technol. Inst. Res. Fdn,,
Lowell, Mass.), and Mac Leop, M. A.

Chemical Releases at Sunset Trigger Sporadic E

1973 Ann. Am. Geophys. Union Mtg., Wash., D. C.
(16-20 April 1978)

RoseNBERG, N. W., and DeEwan, E. M.,_IR.
Stratospheric Turbulence and Vertical Effective Diffusion
Coefficients

CIAP Mtg., Dept. of Trnsp., Cambridge, Mass. (26
February 1974)

RoSENBERG, N. W, Goop, R, E,, and Dewan, E. M.
Wind Determined Atmospheric Turbulence: Smoke Trails,
Jimspheres, Radiosonde

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D.C. (8-12 April 1974)

ROSENBERG, N. W. Goob, R. E., VICKERY, W. K., and
Dewan, E. M., Jr.

Experimental Determination of Small Scale Transport
Mechanisms in the Stratosphere
Mtg.of AIAA and AMS, Denver, Colo. (12 june 1973)

ROSENBERG, N. W.,Goon, R.E,, and ZIMMERMAN, S. P,
Transport Measurements in the Stratosphere

Dept. of Trasp.-CIAP Sys. Cir., Cambridge, Mass. (14 -

November 1972)

RoseNBERG, N, W, and RorPEr, R, G. (Ga. Inst. of
Technol., Atlanta, Ga.)

ALADDIN 1l Winds and Shears

1973 Ann. Am. Geophys. Union Mtg., Wash., D. C,
(16-20 Aprit 1978)

SecHrisT, C.-F., JR. (Univ. of 1lL.), and Narcist, R. S,

Nitric Oxide and the Winter D Region
55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D. C. (8-12 April 1974)

SHERMAN, C., SWIDER, W,, and_Narcist, R. S.
Auroral Ton Compasition Measurements and Model

DNA Atm. Eff. Symp., San Diego, Calif. (9-13 April
1973)

1973 Ann. Am. Geophys. Union Mig., Wash., D. C,
(16-20 April 1973)

SwIDER, W,

Chemistry of the E- and F-Regions

2nd Conf. of Appl. of Chem. to Nuc. Wpn. Eff,, Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

E and F Region Chemistry

lono. Modeling Mtg., NOAA, Boulder, Colo. (81
October - 2 November 1972)

Swibkr, W,, and KenesHea, T. J.

Diurnal Variation of the D-Region During a PCA Event
lono. Modeling Mtg., NOAA, Boulder, Colo. (31
October - 2 November 1972)

Decrease of Ozone with Increasing lonization Duringa PCA
Event

1973 Ann. Am. Geophys. Union Mtg., Wash., D, C.
(16-20 April 1978)

SwIDER, W., KENESHEA, T. J.,and FoLry, C. 1. (Boston

Coll., Mass.)

Nitric Oxide and Atomic Nitrogen inthe Auroral E-Region
55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash., D.C. (8-12 April 1974)

SwipeR, W., KENESHEA, T, ], and ULwick, J. C. (Iono.
Phys. Lab.)

Photodetachment During a PCA Event

DNA Aum. Eff. Symp., San Diego, Calif. (9-13_April
1973)

Swingr, W., KeNesHEA, T, J., and WEEks, L. H.

Decline of Ozone and Atomic Oxygen During a PCA Event
DNA Atm, Eff, Symp., San Diego, Calif. (9-13 April
1978)

TAKEZAWA, S,

The Absorption Spectrum of NO in the VUV Region:
Rydberg Bands, 3s ¢ «I%

29th Ann. Symp. on Mol. Structure and Spectroscopy,
Ohio State Univ., Columbus, Ohio (10-14 June 1974)

TANAKA, Y.

The Absorption and Emission Spectra of Rare Gas Molecules
Am. Phys, Soc. Mtg., Univ. of So. Calif., Los Angeles,
Calif. (27-29 December 1972)

TANAKA, Y., YosHiNO, K., and FReemaN, D. E.

The Absorption Spectrum of Kr ,in the Vacuum Ultraviolet
Region

Symp. on Mol, Structure and Spectroscopy, Ohio State
Univ., Columbus, Ohio (11-15 June 1973)

Low-Lying Excited Electronic States of Diatomic Krypton

26th Ann. Gaseous Elect. Conf., Univ. of Wis. (17-19"

October 1973)

Vacuum Ultraviolet Absorption Spectrum of the van der
Waals Molecule Xe, Part 1. Excited Electronic States
29th Ann. Symp. on Mol. Structure and Spectroscopy,
Ohio State Univ,, Columbus, Ohio (10-14 June 1974)
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TATTELMAN, P, and GRINGORTEN, L, 1.

Estimated Glaze Ice and Wind Loads at the Earth’s Surface
Jor the Contiguous United States

5th AMS Conf. on Wea. Forecasting and Analys., St.
Louis, Mo, (4-8 March 1974)

Tuowmas, D. M., Narcisy, R, 8, BaiLey, A, D, and
WLODYKA, L. E,

D and E Region Negative lon Composition During an

Auroral dbsorption Event

55th Ann. Spring Mtg. of the Am. Geophys. Union,
Wash,, D. C. (8-12 April 1974)

VanTasseL, R.A., HUrFMAN, R, E., and ROEBBER, ]. L.
(Norlhcnstcrn Umv Boston, Mass.)

Oscillator Strength of the Autoionized Transition:

013 P, = 553 D° (775.34)

1st Intl. Conf. on Spectral Lines, Univ. of Tenn,,
Knoxville, Tenn. (28 August - 1 September 1972)
Oscillator Strengths of Atomic Oxygen Autoionized Lines
2nd Conf. of Appl. of Chem. to Nuc. Wpn. Eff., Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

Weeks, L. H.

Ozone and Molecular Oxygen

2nd Conf. of Appl. of Chem, to Nuc. Wpn., Eff., Inst.
for Def. Analys., Arlington, Va. (12-14 September
1972)

Molecular Oxygen Observations from UV Absorption
1973 Ann. Fall Mtg. of the Am, Geophys. Union, San
Francisco, Calif. (10-14 December 1973)

Yostino, K., and TANAKA, Y.

Homogeneous Perturbation between the o Viru State and the
biru State of the Nitrogen Molecule

Symp. on Mol. Structure and Spectroscopy, Ohio State
Univ., Columbus, Ohio (11-15 june 1973)
Homogeneous Perturbation Between the ¢'4 (v=0) %%y
(or p*) and the b{v=1) 13,7 Levels of N,

29th Ann. Symp. on Mol. Structure and Spectroscopy,
Ohio State Univ., Columbus, Ohio (10-14 June 1974)

ZIMMERMAN, S, P., and KENESHEA, T. J.

Models and Atmospheres

Am. Inst. of Aero. and Astro., Wash., D. C. (29-30
January 1974)

ZIMMERMAN, S. P, and Loving, N. V., (AF Fit. Dyn.
Lab., Wright- Patterson AFB, Ohl())

Turbulent Dissipation and Diffusivities in the Stratosphere
Mtg. of the Sci. Panel on the Nat. Strato., Ft.
Lauderdale, Fla. (28.November - 2 December 1972)

ZIMMERMAN, S. P., and Pao, M. Y. H. (Flow Res., Inc.,
Scattle, Wash.)

La Grangian Description of Turbulent Diffusion

Mtg. of the Sci.-Pane! of the Nat. Strato., Ft.
Lauderdale, Fla. (28 November - 2 Deccmbcr 1972)
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ZIMMERMAN, S. P., RoseNserG, N. W, FAIRg, A, C.,
Govroms, D,, and TRowsRIDGE, C, A, (PhotoMet., Inc,,
Lexington, Mass.), Mureny, E. A,, Vickery, W. K.,
and Regs, D, (Univ. Coll., London, Eng.), and SMiTH,
L. B. (Sandia Labs., Albuquerque, N, M.)

The ALADDIN Il Experiment - Part 1. Dynamics

16th Plenary Mtg of COSPAR, Konstanz, Fed. Rep. of

Ger. (23 May - 6 June 1973)

ZIMMERMAN, S. P,, and TrowsRrIDGE, C. A.
(PhotoMet., Inc., Lexington, Mass.)

The Turbulence Spectra of Dissipation Rates and Diffusion
Coeﬂ' cients Measured During the ALADDIN 11 Experiment
1973 Ann. Am. Geophys. Union Mtg., Wash,, D. C,

(16-20 April 1973)

ZIMMERMAN, S, P., and WaLLACE, ]. M. (Univ. of
Wash.), DANIELSL\ E. (NCAR, Boulder, Colo.), LisT,
R. (NOAA, Boulder, Colo.), ELLSAEESER, H.
(Lawrence Livermore Lab., Calif.), LiLL, D, (NCAR,
Boulder, Colo.), Loving, N. (AF Fit. Dyn. Lab,,
Wright-Patterson AFB, Ohio), Pao, M. Y. H. (Flow
Res., Inc., Seattle, Wash.)

The Description of the Natural Stratosphere in Its Present
State

Mtg. of the Sci. Panel of the Nat. Strato., Ft.
Lauderdale, Fla. (28 November - 2 December 1972)

TECHNICAL REPORTS
JULY 1972 - JUNE 1974

CHamPION, K. S. W,, and SCHWEINFURTH, R. A.

A New Mean Reference Atmosphere for 25 to 500 Km
AFCRL-72-0579 (2 October 1972)

CHERNOSKY, E. ].

Dichotomy in Geomagnetic Disturbance and Its Solar Origin
AFCRL-TR-73-0097 (8 February 1973)

CoLg, A. E.

Distribution of Therniodynamic Properties of the Atmosphere
Between 30 and 80 Km
AFCRL-72-0477 (10 August 1972)

Cotg, A. E., and KANTOR, A. J.

COESA Task Group I Report on Proposed 50 to 100 Km
Revision to U.'S. Standard Atsmosphere 1962
AFCRL-72-0692 (27 November 1972)

Corsin, V. L., and QUEsADA, A. F,
Least Squares Cubic Splines
AFCRL-TR-73-0661 (29 October 1973)

CORMIER, R. V,

Extremes of Low Atmospheric Density Near the Ground for
Elevations up to 15, 000 Feet for MIL-STD-2108
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AFCRL-72-0711 (6 December 1972)

An Annotated Listing-Tall Towers Instrumented for Wind

Observations

AFCRL-TR-78.0179 (23 March 1973)

'{Zl.e :I:alurt and Variability of Integrated Boundary Layer
in

AFCRL-TR-74-0264 {12 June 1974)

DANDEKAR, B, S.

Factors Inwolved in Optical Programs for the Polar Cap
AFCRL-72.0746 (29 December 1972)

Dewan, E. M.
Thermally Stratified Compressible Fluid Motion on a

Rotating Sphere with Gravitation
AFCRL-TR-73-0225 (12 April 1973)

Fairg, A, G, and MurpHyY, E. A,

Neutral Densily and Temperature Measifements

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1060, AFCRL-72-0474 (11 August 1972)

Foesss, |. M., Carr.

Advective Heating in the Thermosphere During Geomagnetic
Storms

AFCRL-72-0552 (14 September 1972)

Propagation of Internal Gravity Waves i a Medium of
Weak Random Vertical Shear

AFCRL-TR-73.0377 (21 June 1973)

Wind Estimates Near 150 Kt from the Variation in
Inclinatioh of Lew:Perigee Satellite Orbits
AFGRL-TE-73-0379 (21 June 1973)

FoRBEs, J. M., CAPT., and BRAMSON, A. S. (IBM Corp.
Fed. Sys. Div., Burlington, Mass.)

A FORTRAN Program for Computing Steady-Siate
Composition Models.of the Upper Atmuspheré
AFCRL.TR.78.0635 (9 Octeber 1973)

Forsgs, J. M., Capr., and GiLLETTE, D. F.

An Empirical Density Model for Predicting Low-Altitude
Satellite Ephemerides. Part I: Data Analysis aird Model
Formulation -
AFCRL-TR-74-0062 (1 February 1974)

{g}l}lﬁhﬁ,]. M., CaPT., and STRAKA, R. M. (Iono. Phys.
)

Correlations Between Exaspheric Temperature and Various
Indicators of Solar Activily
AFCRL-TR-73-0878 (21 June 1978)

GRANTHAM, D. D., and Kantox, A, |

Probability of Encountering Thundeévsiorms at 50,000 and
60,000 Feel for Selected Routes Over the United States
AFCRL-72-0415 (14 July 1972)

GRINGORTEN, 1. 1.

Duration and Unusual Extremes of Cold - Supplement 1
AFCRL-72-0705 (1 December 1972)

A Polar Equal-Area Map of the World
AFCRL-TR-73-0349 (4 Junc 1973)

Stochastic Modeling of the ireal Extent of Weather
Conditions

AFCRL-TR-73-0731 (30 November 1973)

Hart, W. N,, and Lrovp, J. W. F,

Polar Cap Optical Intensities During the 2 November 1969
Solar Particle Event

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72.0474 (11 August 1972)

JAspERsE, J. R.

Electron Transport in a Dilute Weakly Ionized Gas
Application to a Model Tonosphere
AFCRL-TR-73-0600 (27 September 1973)

KanTOR, A, J., and CoLE, A E.

Abbseviated Tables of Thermodynamic Properties to 85 Km
Jor the U.S. Staridard Atmosphere, 1974
AFCRL-TR-73-0687 (6 November 1973).

KesesHEa, T, J., and HurFman, R, E.
Solar Photoionization Rate Constants and Ultraviolet

Intensities
AFCRL-72-0667 (16 November 1972)

Keetn; Mo M.

Deceleration and Vertical Motion of a Gas Puff Released into
the Upper Atmosphere

AFCRL-TR-78-0046 (12 January 1873)

LENHARD, R W., and SisSENWINE, N.
Extremes of 1, 12, and 24 Hour Rain for MIL-STD-2]0B
AFCRL-TR-78-0329 (18 May 1978)

Lunp, L. A

Haze-Free and Cloud-Free Lines-of-Sight Through the
Atmosphere

AFGRL-72:0540 (13 September 1972)

Joint Probabilities of Cloud-Free Linés-of-Sight Through the
Atmosphere at Grand Forks, Fargo, and Minot, Notth
Dakota

AFCRL-TR-73-0178 (23 March 1978)

Lunp, 1. A, und NEEDLEMAN, S, M. (Terrestrial Sci.
Lab.)

Tropical Soil Moisture Estimation from Meteorological
Observations

AFCRL-TR-74-0064 (4 February 1974)

Marcos, F. A., and BLoemker, C. F. (N. C. State
Univ.), BEDINGER, |. F., CONSTANTINIDES, E. (GCA
Corp., Bedford, Mass.)

Results from the PCA 69 Chemical Release Experiments
Proc. of COSPAR Symp. on-Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)
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Marcos, F. A., Mc INernEy, R., and Corsty, |,
Fiorerri, R, Grosssarp, N. (Boston Coll, Mass.)
Atmospheric Density Results Derived from the SPADES
Satellite Accelerometer Data

AFCRL-72-0608 (12 October 1972)

Mosks, H.E.

A Simple Exact Solution for the Motion of the Atmosphere
About the Rotating Earth and Application to the Rotation of
the Atmosphere

AFCRL-72-0609 (13 October 1972)

An Exact Solution for the Rotation of the Atmosphere About
the Spheroidal Earth

AFCRL-TR-73.0275 (20 April 1973)

Resonance Scattering of Lyman-Alpha Radiation by
Hydrogen in the Ground State

AFCRL-TR-73.0744 (6 December 1973)

Moses, H. E., and Quesapa, A, F.

The Scaling of Physical Quantities and Its Relation o the
Pouer Spectrum of the Mellin Transform
AFCRL-TR-73.0651 (16 October 1973)

MurLen, E/ G,

Solar-Geophysical Data for the 14 to 21 December 1971
Geophysicul Event

AFCRL-TR-73.0160 (13 March 1973)

MuLLen, E G, Lroyp, J. W, F., and Davis, D. ., Jr.
A Tz~Channel Interference-Filter Photometer Digital
Recording System at the AFCRL Geopole Observatory,
Thule, Greenland

AFCRL-TR-78-0366 (18 june 1973)

Narcist, R, S.

Aeronomical Implications from Ion Composition
Measurements During a PCA

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972\

Narcist, R. S., PHiLBrIck, C. R., THoMAs, D. M.,
BAILEY, A. D., WLODYKA, L. E., BAKER, D., FEDERICO,
G., WLopYka, R., and GARDNER, M. E.

Fasitive lon Composition of the D and E Regions During a
PcA

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)

Narcist, R. S., SHERMAN, C., PHILBRICK,
C.R., THoMas, D. M., BaiLEY, A. D., WLODYKA, L. E,,
WLoDYKA, R. A., BAKER, D., and FepEeRrico, G.

Negative lon Composition of the D and E Regions During a
PCA

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)

Pautson, J. F.

Effects of the B-1 on Ozone and on Transmitted UV
Envmt. Eff. of B-1 Emissions in the Strato., C. G.
Stergis, Ed., AFCRL-TR-73-0608 (10 October 1973)
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RoSENBERG, N. W,

Application of @ Computer-Controlled Two-Dimensional
Densitometer to Photbgraph Chemical Releases
AFCRL-TR-73-0155 (9 March 1973)

SaLMmEiLA, H. A, and GrRANTHAM, D, D;

Diurnal Cycles of Hir,a Absolute Humidity at the Earth’s
Surface

AFCRL-72-0587 (5 October 1972)

StssENWINE, N., and CorRMIER, R. V,

Synopsis of Background Material for MIL-STD-2108,
Climatic Extremes for Military Equipment
AFCRL-TR-74-0052 (24 January 1974)

SisSENWINE, N., TATTLEMAN, P,, GRANTHAM, D, D,,
and GRINGORTEN, 1. 1.

Extreme Wind Speeds, Gustiness, and Variations with Height
for MIL-STD-2108B

AFCRL-TR-73-0560 (29 August 1973)

Stercis, C. G, Editor

Environmental Impact of B-1 Emissions in the Stratosphere
AFCRL-TR-73.0608 (10 October 1978)

Swiner, W,

Charged Particle Reactions Involving Oxygen and Nitrogen
in the E- and F-Regions

AFCRL-TR-78-0361 (13 June 1973)

Swiper, W., and FoLey, C.1L. (Boston, Coll., Mass.)
D-Region Ionization Rates for the 2 to 5 November 1969
PCA Event as Determined from Satellite Proton Flux
Measurements

AFCRL-TR-74-0190 (12 April 1974)

SwiDeR, W., and GARDNER, M. E.

Atmospheric Ionization by Precipitating Protons and Alpha
Particles

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)

Swiper, W,, and KENESHEA, T. ].

Diurnal Variations in the D Region During PCA Events
Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)

TATTELMAN, P., and GRINGORTEN, L. 1.

Estimated Glaze Ice and Wind Loads at the Earth’s Surface
Jor the Contiguous United States

AFCRL-TR-73-0646 (16 October 1973)

TATTELMAN, P., and SisSENWINE, N,

Extremes of Hydrometeors at Altitude for MIL.-STD-210B.
Supplement - Drop-Size Distributions
AFCRL-TR-73-0008 (9 January 1973)
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T'sipouras, P, (Off. of Res. Svc.), and Cormier, R, V.
Henrmite Interpolation Algorithm for Constructing
Reasonable Analytic Curves Through Discrete Data Poinis
AFCRL-TR-73-0400 (6 July 1973)

TurTLE, J. P., and OELBERMANN, E. ], J. (Ordnance
Res. Lab,, Penn. State Univ.)

Discussion of Polar VLF and Particle Precipitation Data for
the 2 November 1969 Solar Particle Event

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72-0474 (11 August 1972)
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WEeEks, L. H.

Molecular Oxygen Measurements from UV Absorption
AFCRL-TR-74-0109 (27 February 1974)

WEeexs, L. H., and Cuikay, R. S. (Raytheon Co.,
Norwood, Mass.), Corsin, J. R.

Ozone Measurements in the Mesosphere During the Solar
Proton Event of 2 November 1969

Proc. of COSPAR Symp. on Solar Particle Event of
Nov. 1969, AFCRL-72.0474 (11 August 1972)
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Il Microwave Physics Laboratory

The Microwave Physics Laboratory is
committed to research and development in
the fields of electromagnetic radiation, con-
trol and propagation, to enhance the ability
of the tactical and strategi. forces of the
USAF to meet present and future require-
ments. Laboratory scientists are presently
at work in such critical problem areas as
all-weather battlefield surveillance, the de-
tection of stationary and slow-moving
targets in heavy ground clutter, electronic
countermeasures, and penetration aid
technology for both aircraft and missiles.
Research goals are achieved by specializing
in such technical areas as antennas, mi-
crowave acoustics and magnetics, tropo-
spheric propagation, radar systems, laser
physics and target scattering phenomena.

Most problems are approached from the
basic physics appropriate to the particular
electromagnetic system or device. Labora-
tory personnel have an in-depth compe-
tence in electromagnetic diffraction, radar,
"antennas, propagation in turbulent media,
surface and bulk wave -propagation of
acoustic waves in the gigahertz frequency
range, the physics of ionized media pro-
duced by hypersonic reentry vehicles, and
laser beam interactions.

Laboratory accomplishments also merit
discussion. During a recent two-year inter-
val, the Microwave Physics Laboratory was
the recipient of five AFSC Technical
Achievement Awards, given for: Tropos-
pheric Range Error Correction for the
Global Positioning System; An Interfer-
ence Rejection Antenna with Variable
Polarization; UHF Frequency Synthesizer
Using Acoustic Surface Waves; Fast Re-
sponse Frequency Analyzer — Using
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Diclectric Resonators; and Low Profile An-
tenna for Aircraft S*ation-Keeping Appli-
cations.

Rescarch by this laboratory has also led to
the design and development of the Synthet-
ic Aperture Dual Frequency Radar (SAD-
FRAD), an Air Force sensor system capable
of detecting stationary targets ~oncealed in
heavy foliage, presently being im-
plemented by the Air Force Avionics
Laboratory (AFAL).

In 1973 a new radar concept called
NFMRAD (Null Filter Mobile Radar) was
invented that combines antenna nulling
with doppler filtering to achieve an
economical, improved AWACS-type radar.
The Laboratory has also studied air-to-air
radar problems and, for the Air Force
Weapons Laboratory, demonstrated by
computer that the number of missiles fired
from one aircraft toward another can be

This two element horn array was used for the
Null Filter Mobile Radar (NFMRAD) tests. A
aull was formed in the antenna pattern in the
direction of the maximum clutter response
and it substantially improved the target-to-
cluuer ratio.

determined by simple processing of signals
from existing radars. Methods for the mod-
ification of the radar cross section of reen-
try vehicles and for the rapid recovery of
ECM capabilities during the reentry phase
of flight have been developed to satisfy the
requirements of the Space and Missile Sys-
tems Organization (SAMSO) ABRES Pro-
gram.

. Research  in  laser  propagation
phenomena, performed at the request of
the Air Force Weapons Laboratory, has re-
sulted in technological advances that may
provide the basis for the future develop-
ment of reliable and highly effective anti-
missile defensive systems for aircraft. New
techniques using ionizable coatings to pro-
tect against lasers have been successfully
tested.

Methods for suppressing and controlling
reentry plasma sheath effects on ballistic
missile antennas have been invented. New
techniques using minute quantities of
chemical injectants or special laminated ab-
lative heat shields have been demonstrated
on rocket flights. These advances are now
being applied to high power laser problems
for the Air Force Weapons Laboratory and
the Aeronautical Systems Division.

There have been many requests for sup-
port in tropospheric propagation systems.
Range error corrections have been pro-
vided to SAMSO for the NAVSTAR Global
Positioning System and to Aeronautical
Systems Division (ASD) for the Pave Nickel
Demonstration System. Our scientists were
able to show that the loss of target during
Airborne Warning and Control System
(AWACS) flight tests was caused by sharp
negative gradients in tropospheric refrac-
tion.

Perhaps the Microwave  Physics
Laboratory’s strongest contribution to Air
Force technology needs has been in an-
tenna design. A new method of phased
array design which eliminates grating lobes
and allows the use of much larger aperture
horns in antenna arrays has been demon-
strated. This invention substantially re-
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duces the cost of phased arrays by eliminat-
ing 90 percent of the ferrite phase shifters
formerly needed for such limited angle
scanning. During this period, our scientists
completed the first rigorous handling of
the log periodic array and showed how to
improve the gai.s of these giant antennas
used for OHD applications. Important ad-
vances were also made on conformal ar-
rays, and rigorous analysis of a finite sized
array on a curved surface was carried out.
These studies find use in aircraft-to-
satellite communications.

Microwave acoustics research supports
AFAL (Countermeasures), RADC (Com-
munications), ESD (SEEKBUS), and
SAMSO (ABRES). Of primary importance
has been the in-house discovery of the
minimum diffraction {practically zero) loss
orientation of acoustic materials. This and
other recent advances in the theory of low
ioss acoustic devices have resulted in in-
house fabrication and demonstration of the
best filters.and delay lines extant. New ad-
vances have been made in the theory of
acoustic filters and how to excite them effi-
ciently. The research results of this group
‘have been widely disseminated in response
to requests for this information by
thousands of workers in the field, in the
form of a special handbook series de-
veloped and published by members of the

" .Laboratory.

Technical consultation services have
been performed for the TPN-19 Precision
Approach Radar, the Airborne Multiwire
'VLF Antenna, AN/FPS-85 Air Defense
radar, AN/GRN-27 ILS system now in field
use, acoustic wave technology application
for the Advanced Power Management
Program of AFAL, passive microwave
radiometry for meteorological application
and SAMSO’s Reentry Antenna Test Pro-
gram (RANT).

RADAR SYSTEMS

The last Report on Research pointed out that
e Microwave Physics Labgratory had de-

51
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veloped novel radar systems that used the
lower radar frequencies and the resonant
region as new means for airborne detection
of stationary or slowly moving military
targets near the earth’s surface. Continued
pressing interest in such practical problems
has motivated a number of in-house inves-
tigations leading directly to improved Air
Force systems. The Laboratory has con-
tinued to exploit the long wavelength radar
technique because such wavelengths pro-
vide a natural filtering action that has sev-
eral distinct advantages over more conven-
tional microwave radar detection tech-
niques. These advantages include lower
data rates, radar returns that are almost
independent of the aspect angle, and lower
reradiated energy from ground clutter.
This latter effect gives long wavelength
radars a higher signal-to-clutter ratio than
their microwave counterparts and this is an
important asset in target detection. Lower
data rates reduce the size and memory re-
quirements of the digital signal processors
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The measured antenna pautern is for an cight
element optimum signal-to-clutter ratio an-
tenna array developed for the NFMRAD
radar. The deep broad null on the right of the
main beam cancels out ground clutter that
would normally-appear in a doppler velocity
filter. Control of radiation levels in a narrow
angular sector such as this allows the maximi-
zation of main beam antenna gain as well as
the optimization of clutter and jammer rejec-
tion.
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used with modern radar systems. Aspect
angle invariance is an advantage in that
target classification schemes have one less
ambiguous parameter to contend with, In
Airborne Moving Target Indicator
(AMTI) Radars, a high signal-to-clutter
ratio reduces the amount of processing that
must be done and thereby simplifies the
entire detection process.

AIRBORNE MOVING TARGET INDICATOR
(AMTl) RADARS: The Laboratory has
capitalized on the experience in the Reson-
ant Region Radar and the Synthetic Aper-
ture Dual Frequency Radar (both of which
were long wavelength radars, developed,
built and flight tested in-house) to develop
three new AMTI radar systems: the Null
Filter Mobile Radar (NFMRAD), the Ar-
rested Synthetic Aperture Radar (ASAR),
and the Tuned Synthetic Aperture Radar
(TUSAR). The NFMRAD concept uses an
airborne flush mounted, fixed, phased
array antenna as the basic building block of
an AMTI radar. The system uses several
technigues to enhance its performance;
non-adaptive nulls placed in the antenna
radiation pattern and complementary

doppler velocity filters are two. This com--

bination not only reduces clutter but also
decreases the system sensitivity to the large
stationary targets that must be rejected by
an AMTI radar. The system concept also
includes moving range gates to increase the
dwell time on the target, and a two-stage
detection process to further reduce false
alarms, The antenna null placement (based
on a Laboratory-developed technique) al-
lows pattern control over a restricted
sidelobe region and, at the same time,
achieves the maximum antenna gain in the
main beam. This provides a much more
efficient use of the antenna aperture than
an antenna in which-all sidelobes are con-
trolled. The antenra feeding coefficients
are calculated by a computer technique to
get the maximum target-to-clutter ratio for
the overall radar system.

An X-band model of this AMTI radar
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system has been constructed in-house and
n:ounted on atruck to test system concepts.
The truck provides a moving platform that
simulates aircraft motion while a riding
lawnmower, equipped with a small radar
reflector, is used to simulate a slowly mov-
ing target. The Hanscom Field runways
and flight line serve as the test area. The
first antenna system used was a two-
element horn array ..hich allowed place-
ment of only one null. Test results showed
that proper null placement enhanced the
detection of targets that were buried in clut-
ter when no null placement was used. The
model now has an eight-horn antenna
array-and the testing program is continu-
ing. This technique has promise for many
future radar designs.

The Arrested Synthetic Aperture
(ASAR) and Tuned Synthetic Aperture
(TUSAR) Techniques have been de-
veloped to provide detection of slowly mov-
in;r concealed ground targets by a long
wavelength radar. Both techniques are
compatible with the Laboratory’s SAD-
FRAD system (described in the previous
Report on Research) in that all three can use
the same transmitter-receiver system, the
same antenna and the same type of digital
processing. The basis for both new systems
is the fact that at the low SADFRAD fre-
quencies, one needs AMTI signal im-
provements of about only 20 dB to achieve
reliable target detection.

In the ASAR system, two synthetic aper-
ture beams, each formed from a separate
antenna on board the same aircraft, are
coherently subtracted to cancel ground
clutter. The antennas are displaced along
the flight path of the aircraft andthe beam
from the forward antenna is delayed by the
time it takes the aircraft to fly the distance
between the two antennas. Because syn-
thetic aperture processing is used, the phys-
ical antenna patterns need not be closely
matched. It-is this feature that allows air-
borne operation at the long radar
wavelengths. Any antenna pattern control
at frequencies where the antennas must be
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placed a portion of a wavelength from the
aircraft is quite difficult. Computer simula-
tions have shown that up to 40 dB of AMTI
improvement is possible with this system.
Future plans cal! for the field testing of an
ASAR system model.

The Tuned Synthetic Aperture Radar
(TUSAR) provides an alternate method for
detecting and tracking slowly moving
ground vehicles from an airborne recon-
naissance platform. Slowly moving targets
have doppler-doppler rate parameters
which differ from those of stationary ob-
jects and ground clutter. TUSAR exploits
this dissinilarity to improve moving target
detectability against ground clutter and,
with additional processing, to locate and
track moving targets.

Studies conducted to date have begun to
define the possible improvements in target
detectability as a function of target speed,
radar processing parameters and antenna
design. Since the TUSAR concept requires
extensive on-brard, real-time signal pro-
cessing, studies of the performance of vari-
ous simple sub-optimum processors are
underway.

SUI CLUTTER VISIBILITY(¢8)
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Subclutter visibility versus the target to radar
platform velocity ratio for the Tuned Synthet-,
ic Aperture Radar (TUSAR). An outstanding
featurc of thisnew AMTI system is its sensitiv-
ity to targets traveling parallel to the radar
platform as well as those traveling radially to
the platform.
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INTEGRATED

MULTIPLE  FREQUENCY
RADAR (IMFRAD): The Integrated Multiple
Frequency Radar (IMFRAD) is an ad-

vanced development version of the

Laboratory’s highly successful Synthetic
Aperture Dual Frequency Radar (SAD-
FRAD) system and is currently being de-
veloped by the Air Force Avionics Labora-
tory with the participation of Microwave
Physics personnel. SADFRAD (described
in detail in the last Report on Research) is an
airborne, resonant region, dual-frequency,
synthetic aperture surveillance radar built
in-house by the Microwave Physics
Laboratory. The system featured the first
on-board, real-time digital processor ever
flown and a three-channel color display. It
was installed in an Air Force C-121 aircraft
and tested jointly with AFAL. Test results
showed -that the system could detect
tactical-sized targets in dense foliage. In
fact, it is the only radar system ever built
with a proven capability to detect concealed
targets at operationally compatible dis-
tances. In addition to this extremely impor-
tant military application, useful scientific
data were gathered including well cali-
brated backscatter measurements from all
types of terrain and the ocean at HF and
UHF frequencies as well as backscatter
measuremients from a number of different
target shapes.

The program resulted in a technology
transfer to-AFAL which is now building a
longer range version with increased capa-
bility and a much lower false alarm rate.
The system will use three frequencies and
will be tested in a G141 aircrafi. The Mic-
rowave Physics Laboratory is providing sys-

-tems engineering supportand is designing,

building, and testing the three-frequency
antenna system for IMFRAD. The antenna
design is complicated by the fact that the
aircraft becomes part of the radiating struc-
ture at these frequencies. By careful en-
gineering, substantially better antenna pat-
terns have been achieved than those used
for SADFRAD. Because of this, the IM-
FRAD system is expected to have much
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Reduced scale modeling is one way of design-
ing antennas for eventual aircraft mounting.
Here, a one-cighteenth scale model of the
C-141 aircraft is shown mounted at the
Laboratory’s Ipswich test site. A scaled an-
tennasystem for- IMFRAD is being developed
and the model is used in taking antenna pat-
terns. In the background is the antenna sys-
tem for the Laboratory’s original HF-UHF
developmental radar.

greater protection against false alarms than
was possible with the SADFRAD.

SPECIAL APPLICATION RADAR TECH-
NIQUES: In some radar sensing applica-
tions, the only important information is
that a target is within a certain prespecified
range limit, and detailed information on its
location and velocity is not required. Prox-
imity fuzes-are an example of such an ap-
plication. A new short range radar fuze,
based-on the temporal coherence proper-
iies of a quasimonochromatic noise-like
signal is being studied by Laboratory scien-
tists. Other applications of this type of
signal were outlined in an earlier Report-on
Research.

In the fuzing application, a quasimono-
chromatic noise generator serves as a
transmitting source. The signal reflected
from the target is tested against a small
sample of the noise source signal. If inter-

ference is observed, the round trip range to
the target is less than the coherence length
of the noise signal. If no interference is
observed, the opposite is true. Since the
coherence length of the noise signal is a
known and controllable parameter, one has
a unique way of deciding when the target is
within range.

Such a fuzing system is simple in concept,
requires a minimum of components, and is
easily implemented. Target range is indi-
cated by the existence of an interference
signal. The fuze can be used against sta-
tionary or moving targets and, for the lat-
ter, results in a less complicated design with
greater sensitivity.

In conjunction with the Meteorology
Laboratory, Microwave Physics Laboratory
personnel have been studying a satellite-
borne radar system that will measure
meteorological parameters not measurable
by present optical, infrared or passive mi-
crowave systems. These parameters in-
clude cloud heights and rainfall rates. The
study indicates that radar wavelengths on
the order of 1 cm would be the most practi-
cal for this purpose. A high resolution an-
tenna system would be needed to look at
angles other than straight down. It appears
at present that a practical radar system
could be developed and flown in a satellite
specifically designed for the system.

The rapid detection of air-to-air missile
launches is an essential link in the defense
of strategic and tactical aircraft. Early de-
tection increases the available time for eva-
sive maneuvers and deployment of coun-
termeasures. Identification of the number
of missiles launched and the type of missile
air frame is necessary to insure the proper
selection of effective countermeasures and
defensive tactics. The Laboratory is cur-
rently studying improved airborne pulse
doppler radar techniques for rapid single
or salvo launch detection and air-frame
identification. High resolution doppler
spectra associated with the launch aircraft
provide the necessary launch detection in-
formation. Effective methods for achieving

o g R P T N R S TR Y R S Y T 7

ot a cvm—

PR . P RDTUPT, RN

.
N e e o ey ooy b S ko e




V7" v e M

A Gyt
i o rptt o e o e

o it el
.

TR R TR st od Eidais s o

these high resolution spectra while simul-
taneously suppressing radar ground clutter
are now under intensive investigation.

FHASE DERIVED NAVIGATION: If a CW
transmitter moves in a straight line at con-
stant speed relative to a triangular array of
three receiving antennas, the signals re-
ceived at these antennas can be used to de-
termine the position and velocity of the
transmitter with respect to the receivers.
The method requires the measurement of
total accumulated phase differences during
two or more time intervals. This is one of
several schemes considered under a project
called Phase Derived Navigation. One ap-
plication of this technique, currently being
studied, is an aircraft instrument landing
monitor (ILM) which would display CW
beacon transmitters along the runway in
perspective on a CRT in the aircraft, along
with aircraft height, velocity, and distance
from the runway.

RESONANT-REGION TARGET CLASSIFICA.-
TION: The resonant region in radar scatter-
ing is loosely defined as the frequency band
for which the radar wavelength is approx-
imately the same size as the radar target.
Within this frequency band, the radar
target has unique scattering properties that
can lead both to new methods for charac-
terizing it and to real-time methods for ob-
taining information about its gross physical
size and shape.

The special characteristics of resonant
region scattering arise because usually only
one or two modes of surface current are
excited by the incident radar beam, and the
reradiated or scattered fields have a simple
spatial structure. At higher frequencies,
many modes of surface current combine
algebraically to produce the fields. Thus,
minor discontinuities and subsections of
the scattering surface may produce sharp
resonances and specular flare spots in
higher frequency scattering, but are suffi-
ciently small compared to the wavelength at
resonant region frequencies to be unim-

portant. The scattering pattern at lower
resonant-region frequencies is thus primar-
ily determined by the overall size and shape
of the scatterer.

Several of the special properties of res-
onant region scattering from targets that
are thin compared to thieir length were dis-
cussed in the last Report on Research. It was
pointed out that the phase of the backscat-
tered fields from these targets does not vary
with target aspect angle aslong as the target
is no more than about a half wavelength
long. Similarly, to a first approximation,
the shapes of the usual monostatic radar
cross section curves (when viewed as a func-
tion of frequency) are also invariant to
target rotation through the first resonant
maximum.

New results for thick cylinders show that
the aspect invariance of the phase exists
only at frequencies in the very low resonant
and Rayleigh regions. There are, however,
specific higher frequencies at which the
phase is aspect invariant or has minimum
dispersion. Similar results but with much
sharper resonances occur with holiow
metallic tubes and hollow tubes having one
end closed to form an internal cavity.

These aspect-invariant properties are
important because they provide measura-
ble information characteristic of the target
without the seriously complicating influ-
ence of angular dependence. In particular,
the frequency location of the first max-
imum of the monostatic radar cross section
provides a measure of the length of thin
scatterers; the width of the first resonant
maximum will be related to the Q or thick-
ness of the scatterer, and the aspect ratio of
the target can be determined from the
polarization characteristics. Similar pos-
sibilities exist for the phase.

To more fully exploit these characteris-
tics, target classification techniques were
used with multiple-frequency resonant re-
gion data. Radar cross section versus aspect
angle data were obtained for several bodies
of revolution at frequencies in the ‘high
Rayleigh and low resonance region. The
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objects all had approximately the same vol-
ume and the shapes were two right circular
cylinders, a cone, astep cylinder and adou-
ble step cylinder. The analysis showed that
there was sufficient information to dif-
ferentiate between the objects when five or
more radar frequencies distributed over
about an octave in frequency were used. In
addition, the data were sufficiently aspect
invariant in that they remained resonably
constant over at least 20 degrees of aspect
angle and in some cases, over 90 degrees.
Results also showed that even if the objects
were quite similar in shape as, for example,
the double-step cylinder and the cone,
higher resonance region frequencies could
still be used to distinguish them at the ex-
pense, however, of less aspect angle in-
variance.

As part of this research, a new technique
was developed 1or removing the uncertain-
ties in the radar-cross-section data caused
by the interrelation between the radar
polarization vector and the unknown target
aspect angle. In addition, the dual-
frequency phase signature technique (a
Laboratory-developed  technique  ex-
plained in the previous Report on Research)
was extended and used to measure phase
shift of the target scattering. This tech-
nique is independent of the target range
and its motion and provides an absolute
rather than a differential phase shift. Each
of these measurement techniques adds its
share to reducing the enormous complexity
of the target identification problem.

ANTENNAS

In the past two years the empbhasis in the
Laboratory’s antenna research has shifted
into a closer alignment with a number of
ongoing Air Force programs, to shorten
the time frame for application. A major

reason for this foreshortening of the time

frame is the increasing consultation ser-
vices provided by the Laboratory. Scientists
have participated in design reviews, evalua-
tions, and technical studies throughout the
Air Force.

T T T b o g g & MTl ke v 1y e

As examples of the interaction with sys-
tem project offices and user commands, the
Laboratory has conducted studies in trail-
ing wire LF antennas for aircraft, designed
a variable polarization array for a gunship
sensor, evaluated the ground effects on ILS
antennas, developed new techniques for
limited scan antennas and evaluated radar
performance for GCA landing control sys-
tems.

The Laboratory research program in an-
tennas has been oriented around a few
major themes. The first is hemispherical
coverage antennas. To maintain an-effec-
tive communication link between an air-
craft and a satellite, the antenna coverage
must be essentially hemispherical, with par-
ticularly good performance near the hori-
zon. Additionally, high performance air-
craft require flush mounted antennas. This
problem- has been addressed in depth;
mutual coupling and element-matching
techniques have been studied, a novel cor-
rugated surface for the low elevation
coverage has been devised, and dual-band
techniques are under investigation. A sec-
ond category is limited scan antennas.
These are used principally as geostationary
satellite antennas and landing control radar
antennas. System cost and complexity can
be reduced by tailoring the antenna to the
required coverage sector. New techniques
for such limited scan antennas have been
invented in the Laboratory. These fall-into
two areas: phased arrays with odd-mode
control, and hybrid array-reflector anten-
nas.

Moderate gain antennas for HF or UHF
band usage also continue to receive atten-
tion for special applications. The
Laboratory-developed short backfire array
has been incorporated into a special design
forgunship use, and new ideas for HF band
antennas are under study. A detailed
analysis of the log -periodic array is being
completed; the currents on the elements
have been rigorously determined, nermit-
ting accurate calculation of the radiation
pattern. In the following sections these ef-
forts are described in detail.
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A four-element short backfire antenna array
is currently being used by scientists at AFCRL
for the reception of low level electrical dis-
charges in atmospheric clouds. This antenna
is characterized by low sidelobe levels and a
directive gain of 19 dB,

SHORT BACKFIRE ANTENNAS: Short back-
fire antennas are efficient radiators of elec:
tromagnetic energy and are attractive to
antenna systems designers because they are
also simple and compact. A typical short
backfire antenna is comprised of: 1) a pla-
nar reflector approximately two wave-
lengths in diameter with a rim along the
edge approximately one-half wavelength
deep; 2) a reflector disk approximately
one-half wavelength in diameter, arranged
parallel to the large reflector, and 3) a feed
located between the two reflectors. The
feed may be any radiator of small axial ex-
tension; for example, a dipole, pair of
crossed dipoles, a loop, or a short helix or
spiral. Such simple feeds are, however, im-
practical for frequencies above 1 GHz, be-
cause their small physical dimensions de-
mand an extremely accurate feed design
with close tolerances. In addition, such de-
signs provide only limited power handling,
During this reporting period, continuing
research on this type of antenna has pro-
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duced a new design that overcomes these
limitations. The improvement is achieved
by using the open end of a waveguide as the
primary radiator in the antenna cavity. The
waveguide intrudes into the cavity from
behind the larger reflector plate of the
backfire. Different types of waveguides
may be used, and the polarization response
of the antenna will be determined by the
polarization characteristics and the energiz-
ing system of the waveguide. Use of such a
feed structure with the short backfire an-
tenna provides a high-frequency, high-
gain, high-power antenna for ground, air-
craft, and space applications. Flush-
mounted antenna designs can also be pro-
vided for high-performance aircraft and
space vehicles. There is also the possibility
of using these structures in arrays for
monopulse tracking and telemetry.

Most of the short backfire arrays already
developed have reflector shapes that are
symmetric with respect to the array center
and are of equal dimensions in both major
axes. Their E and H-plane radiation pat-
terns therefore have about the same half-
power beamwidth. Laboratory scientists
have now gone a step further and shown
that the technique of arraying short back-
fire elements may also be applied to reflec-
tors with major-to-minor axis ratios sig-
nificantly different from unity. Such de-
signs include all types of fan beam arrays.
An in-line eight-element array was con-
strueted in the experimental phase of the
laboratory program. By varying element
parameters, the array was optimized and
was capable of receiving or transmitting
linear, elliptic, or circular polarization with
a 7-degree half-power beamwidth in its
azimuthal plane and a directive gain of 22.1
dB. With an area illumination efficiency of
0.84, this structure is very attractive for ap-
plications such as Instrument Landing Sys-
tems-(ILS), where reduced antenna reflec-
tor dimensions are important design con-
siderations.

A four-element short backfire array has
also been designed, fabricated, and ex-
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perimentally tested for use by scientists of
the Ionospheric Physics Laboratory in the
reception of low-level atmospheric noise at
920 MHz. This array, which uses an oc-
tagonal reflector, has low-sidelobe radia-
tion patterns and a directive gain of ap-
proximately 19 dB. It serves as the tracking
antenna for electrically active atmospheric
clouds in a system being developed here at
AFCRL for lightning warning applications.

FLUSH-MOUNTED PHASED ARRAY TECH-
NIQUES: A substantial laboratory effort is
devoted to the study and development of
techniques for improved-performance,
flush-mounted and low-profile phased ar-
rays. Arrays of this type are required on
aircraft for communicating with satellites
or other aircraft. Ideally, they should have
a wide bandwidth and near-hemispherical
scan with special emphasis on the coverage
near the horizon. These requirements are
stringent and therefore provide a strong
stimulus for accelerated research in phased
array technology. This, in turn, has re-
sulted in a broad range of in-house and

/‘— 4" '—9/
c.
3
o
0\
«
o
4% &
QRI;:Y ELEMENTS s
SHORTING 9]8j7|6
SWITCHES R

N NP

Efficient scanning from broadside to end fire
can be achieved with this novel phased array
for aircraft and satellite use. The elements are
short circuited forming a corrugated surface
for the end fire direction. At other scan an-
gles, the array functions in a normal fashion.
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A flush mounted station keeping antenna.
The design uses a two dimensional metal clad
lens that actually conforms to the aircraft
shape while only the inner section nced be
rotated for azimuthal coverage. This ap-
proach produces an antenna that is lighter
and more easily streamlined than present de-
signs.

contractual developments in these areas.
Recent contractual accomplishinents have
included development of novel stripline
and waveguide radiators that operate over
octave-bandwidth frequency ranges, and
studies of dielectric clad arrays that provide
scan coverage from horizon to zenith.

In-house studies include the analysis of
planar arrays of waveguide elements on
curved surfaces such as cylinders and
cones. These analyses include inter-
element mutual coupling and have resulted
in a convenient analytical conformal array
model based on the Geometrical Theory of
Diffraction.

Other in-house studies include the de-
velopment of a low-profile scanning lens
for aircraft station-keeping, and also an
array technique for zenith-to-horizon
coverage. This latter array uses waveguide
shorting switches to transform the array
into a corrugated structure for end-fire
(horizon) radiation, even though the an-
tenna functions as a conventional array for
moderate angles from zenith. Preliminary
results indicate that this technique can pro-
vide efficient radiation from zenith to hori-
zon while scanning in one plane. Hemi-
spherical coverage is then provided by
mechanically rotating the structure.

The multiplicity of satellite-to-aircraft
communication links projected for future
Air Force systems has provided impetus for
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an in-house study of a dual-band array
technique for flush-mounted application.
The development is based on a dielectric

- slab-loaded waveguide geometry that

serves as a transmission medium for two
signals, one at roughly double the fre-
quency of the other. The technique is in-
tended to maximize the aperture efficiency
of the array while allowing completely in-
dependent beam-forming systems at the
two frequencies Experimental testing is
presently underway.

ANTENNAS FOR LIMITED SECTOR SCAN-
NING: The previous Report on Research out-
lined several Laboratory efforts pertaining
to antennas with restricted scanning
ranges. These limited scan antennas find
application in precision approach radars
for airport Ground Control Approach sys-
tems, and also as scanned or multiple-beam
antennas for satellite communication links.
Due to the importance of the subject and
the likelihood that substantial improve-
ments over conventional technology would
result from research in this area, the
Laboratory has undertaken two in-house
and two contractual studies in limited-scan
antennas. The contractual studies have
centered about techniques using a phased
array or Butler matrix in combination with
a dual-reflector or dual-lens system. The
intermediate reflector or lens is oversized
to allow use of a minimum-size final aper-
ture and an extremely small feed array.
Theoretical results indicate that this ap-
proach will reduce the number of phase
controls required by as much as 40 percent
in comparison with present state-of-the-art
techniques. Another limited-scan antenna
technique developed in-house consists of
an array illuminating a single reflector or
lens. Thisantenna provides parameter con-
trol of the scan performunce, and effi-
ciently uses the available number of termi-

-nals for scanning. A circular arc array gen-

‘rates a phase distribution that is linear in
* gqle by producing an equal progressive
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A Laboratory-developed hybrid reflector-
array limited scan antenna. Sixtecn
monopoles, arranged in a circular arc, feed
the specially shaped stepped reflector.
Theoretical studies show that this pillbox an-
tenna can provide an amount of off-axis scan
(measured in beamwidths) thatis nearly equal
to the number of feed elements.

Another limited scan antenna design that uses
eight, large aperture elements with muhiple
higher order modes to achieve cancellation of
the dominant grating lobes. The array needs
less active components (such as phase shifters)
to achieve its scan than conventional arrays.

phase increment on the elements. The
shape of the reflector or lens surface is cho-
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sen to translate this angular phase distribu-
tion into a lincar phase front. A two-
dimensional pillbox antenna, employing 16
monopole elements and a corporate feed,
has been constructed to demonstrate this
principle of limited scanning. Theoretical
studies show that the amount of off-axis
scan, measured’ in beamwidths, is nearly
equal to the number of feed elements.
The second limited-scan antenna tech-
nique being developed in-house is a phased
array that uses large array clements with
relatively few phase controls. This ap-
proach depends on multiple higher order
modes in the horn elements to achieve can-
cellation of the dominant grating lobes.
Studies to date have included the design of
an cight-clement array with collimating
lenses for one plane of scan, a study of
stratified dielectric layer filters for grating
lobe suppression, the design of a four-
mode element for scanning in two planes,
and theoretical scanning studies for one
and two planes of scan. Results indicate that
use of this large-clement technique can re-
duce the number of active components re-
quired by nearly an order of magnitude as
compared to conventional arrays.

LOG-PERIODIC ANTENNAS: Log-periodic
dipole (LPD) antennas are widely used as
broadband radiating and receiving devices.
Arrays of such elements have been used for
over-the-horizon backscatter detection
radars. For any particular design, there are
several parameters (more than in most
other antenna arrays) that must be
specified. In order to maximize some use-
ful antenna property such as antenna gain
over many combinations of the basic
parametric design values, the designer
must have a mathematical model of proven
reliability, and it must be sufficiently simple
so that large arrays of these dipoles can be
handled. To date, several attempts at.de-
veloping such a model have been made.
None have really succeeded. Intrinsic to
each is some restriction of the ranges over
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which the defining parameters can be var-
ied. And even over common regions of va-
lidity, the theories often disagree with each
other and with experiment by significant
amounts. The purpose of the present in-
house effort is to develop a mathematical
model that cases these parametric limits,
that agrees closely with experinsent, and
that can be reliably used in optimization
studies of these antennas and arrays in
which each clement is itself an LPD an-
tenna. This Laboratory model was used for
numerous calculations over a wide range of
most of the parameters defining the an-
tenna, including the number of dipoles, the
dipole length taper, the inter-dipole spac-
ing factor, the transmission feed-line
characteristic impedance, the terminating
impedance, and dipole length to diameter
ratio. Quantities calculated included the
dipole current distributions, antenna gain,
pattern front-to-back ratio, input impe-
dance, E-plane and H-plane radiation pat-
terns, the distribution of power among the
dipoles and the load, self and mutual ad-
mittances, and the relative driving-point
voltages and currents.

Special attention was given to the deter-
mination of the combinations of dipole
length taper and inter-dipole spacing fac-
tors-that lead to maximum gain. The new
results differ from those obtained by other
investigators, most of whom used a much
simpler mathematical model. For example,
higher values of gain were predicted by the
new results. The ultimate test of any theory
is a comparison with experiment. The new
Laboratory theory has been'compared with
numerous experimental results and the
agreement is usually quite satisfactory.

In a separate but related in-house effort,
Laboratory scientists are looking at HF
log-periodic ar-ays to satisfy a Tactical Air
Command requirement for a short range
(50-500 nautical miles) HF communication
system that will provide reliable communi--
cations for simultaneous voice and dat.a-
link channels between a central.comm:and
post and several scattered outposts. The
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research is exploring several alternatives to
provide an omni-directional azimuthal an-
tenna pattern and a highly directional ver-
tical antenna pattern. This latter will al-
leviate the problem of signal distortion
caused by multi-path signal interference.
Theoretical studies have been completed
on vertical arrays of loops and crossed di-
poles with log-periodic spacing. Experi-
mental work based on rhe theoretical
studies is presently being conducted.

INTERFERENCE REJECTION ANTENNA SVS-
TEM: The need to suppress interference
signals in electromagnetic detection sys-
tems has led to the development of signal
processing and pattern synthesis tech-
niques that are usually complex and gener-
ally do not have a real-time response capa-
bility. A new Laboratory-developed
method of variable polarization control dis-
criminates between several incident signals
of differing polarizations and selects the
desired signal. The equipment required to
convert a particular antenna so that it has a
real-time interference rejection capability is
quite simple and consists of a few phase
shifters and delay lines. Laboratory scien-
tists have developed a dual-plane
monopulse sensor system utilizing short
backfire elements with high-gain charac-
teristics and the capability of rejecting in-
terference signals several orders of mag-
nitude stronger than the desired signal.
Tk e application of this interference rejec-
tion scheme to military sensor systems is
obvious but commercial uses for GCA
radars and microwave communication sys-
tems are also foreseen.

TROPOSPHERIC PROPAGATION

The Laboratory’s tropospheric propaga-
tion research program has two principal
objectives. The first is to investigate the
limitations imposed by the atmosphere on
the propagation of electromagnetic energy
at microwave and millimeter wavelengths
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and to find techniques for removing these
limitations. The second is to use the propa-
gated wave as a diagnostic tool for obtain-
ing information on buth lower atmospheric
structure and solar activity and then, to in-
vestigate the effects on Air Force electronic
systems. Radar and radiometric systems are
used for these studies with the primary in-
strument being the Laboratory’s 29-foot
miilimeter wave antenna at Prospect Hill,
Waltham, Mass.

Millimeter waves interact strongly with
the lower atmosphere. Atmospheric ox-
ygen, water vapor and precipitation all at-
tenuate millimeter waves limiting the use of
these wavelengths for communications and
radar. Also, tropospheric refraction de-
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Tropospheric refractive benuing measure-
ments show that b:nding is reasonably well
correlated with suriace refractivity for eleva-
tion angles above 5° Atlower elevation angles
accurate corrections cannot be obtained from
surface refractivity alone.
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grades the performance of systems oper-
ated atlow clevation angles. On the positive
side, however, this millimeter wave-
atmosphere interaction has been partially
responsible for the emergence of a new
branch of science called microwave
meteorology. Microwave measurements of
atmospheric emission lead to estimates of
temperature, pressure, and water vapor
profiles. Through high-resolution
doppler-shift and doppler-spread meas-
urements, cross-path wind speeds can be
measured and turbulent regions detected.

The Laboratory also monitors the mil-
limeter wave emission from active regions
on the sun. Large solar flares produce den-
sity changes in the upper atmosphere that,
in turn, perturb satellite orbits. These solar
flares also change the characteristics of the
ionosphere and produce HF communica-
tions blackouts. Observations of the sun
have been conducted for many years to de-
rive criteria for predicting these solar
events.

TROPOSPHERIC REFRACTION: The lower
atmosphere has an index of refraction
slightly larger than unity. It decreases ap-
proximately exponentially with height. Asa
result, radio waves travel more slowly than
in free space and as they traverse layers of
decreasing index of refraction, they are
bent downward. Two types of errors arise
from this atmospheric refraction: 1) space
targets observed from the ground appear
to be at a higher elevation angle than the
true angle, and 2) if the distance to the
target is based on a time delay measure-
ment, the target will appear further away
than it actually is. For a target on the hori-
zon (the most extreme case), the pointing
error will be about 0.7 degree and the range
error, over 300 feet. As the elevation angle
of the target increases, the pointing and
range crrors decrease approximately
proportional to the cosecant of the angle.

To obtain accurate angle and range-
error corrections, itis necessary to know the
value of index of refraction along the ray

path. Although this is possible in principle,
itis not usually done in practice because of
the large expense involved. More often, a
vertical refractivity profile is obtained by
either launching a radiosonde and calculat-
ing the index of refraction from tempera-
ture, pressure and humidity measure-
ments, or by launching a microwave refrac-
tometer and obtaining the refractivity di-
rectly. A horizontally stratified atmosphere
is assumed and the angle or range-error
corrections are calculated using either ray-
tracing o numerical integration tech-
niques. If an actual profile is not available,
then arepreseniative refractivity model can
be employed.

Angle and 1ange-error corrections based
on vertical refructivity profiles and, in some
cases, even surface refractivity alone, have
proved satisfactory for many applications,
particulari; those for which target eleva-
tion angles are above 5 degrees above the
horizon and the region is horizontally
stratified. For example, range-error cor-
rections based on global average surface
refractivities have been provided for the
‘NAVSTAR Global Positioning System
which is designed to-operate at elevation
angles above 5 degrees. A standard error of
less than 4 percent of the total range error
can be obtained from a polynomial regres-
sion on surface refractivity. Our analysis of
refractivity profiles in Central Europe has
shown that the atmosphere is so horizin-
tally stratified and so stable that range-
er1or corrections based on a single annual
mean surface refractivity should be ade-
quate for an airborne radar system. How-
ever, this correction method has not pro-
duced acceptable results when applied to
an atmosphere with a horizontally varying
index of refraction or for targets at very low
elevation ar gles.

Targets f opportunity can be used to
overcome this limitation. If the position of a
satellite is accurately known and the satcl-
lite either rises or sets in the general direc-
tion of the target, then refraction correc-
tions can be obtained using the satellite for
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calibration. This has been done frequently
for angle-error corrections but not for
range error since the true range of the satel-
lite is usually not accurately known. Natural
radio sources can also be used as targets for
angle corrections. The true positions of the
sun, moon and many of the other strong
radio sources are listed in the ephemerides
and these sources can be detected with a
microwave radiometer, i.e., a wide:band
receiver designed to measure noise-type
signals. Thus, for some locations, angle
corrections can be accurately obtained
using both asdificial and natural targets.
However, these techniques are not al-
ways adequate. A technique based -on at-
mospheric emission measurements with a
microwave radiometer seems to have the
potential of providing real-time angle and
range-error corrections. Refractive bend-
ing, range error and atmospheric emission
(sometimes referred to as apparent sky
temperature) are functions of the same

Scientists review tropospheric range error
corrections for NAVSTAR Global Position-
ing System, Based on world wide statistics, it
was shown that range error could be esti-
nated from site latit: te, height above sca
ievel, scason and ele ation angie. This work
reccived one of the Laboratory’s five AFSC
Technical Achievement Awards.
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meteorological parameters: temperature,
pressure and humidity. Ideally, one would
like to relate angle and range error directly
to atmospheric emission. However, the
mathematical functions are so complex, it
has not yet been possible to obtain either an
analytical or numerical solution to this
problem. It has, however, been investigated
using a statistical approach and the initial
results are very promising. Atmospheric
emissions at several frequencies and eleva-
tion angles were calculated for a large sam-
ple of both stratified and non-stratified at-
mospheres. Refractive bending and range
error were also calculated for the same at-
mospheres; results were correlated and re-
gression lines were obtained. It was then
shown, using statistical estimation methods,
that more accurate corrections could be ob-
tained by utilizing atinospheric emission
measurements along with surface refractiv-
ity than by using surface refractivity alone.

If this technique proves feasible it could
easily be irn:plemented into many Air Force
systems at low cost. It would provide correc-
tion data continually and might ultimately
enable the user to forecast the onset of poor
propagation conditions.

EARTH-TO-SATELLITE COMMUNICATIONS:
Earth-to-satellite wide-band communica-
tions requirements require utilization of
the millimeter wavelength region of the
electromagnetic spectrum. It is now known
that total atmospheric attenuation in the
window regions is relatively low except for
conditions of heavy cloud cover and pre-
cipitation. Long-term attenuation statistics
for the region in which the ground terminal
is to be located are needed for design data
for communications links. Ideally these
data could be obtained by placing a millime-
ter wave beacon on a satellite and conduct-
ing long-term measurements. This ap-
proach would be very expensive and to date
there has been only one satellite which-has
transmitted signals above 10 GHz, the
ATS-5. However, this laboratory has suc-
cessfully obtained: long-term rain attenua-
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tion data using two types of radiometric
techniques. In the first, attenuation
through rain was obtained directly from an
extinction measurement using the sun as a
source. In the second, the attenuation was
inferred from a measurement of atmos-
phéric emission. The advantage of an ex-
tinction measurement is that losses as high
as 30 dB can be obtained directly, whereas
attenuations on the order ot only 10 or 12
dB can be inferred from an emission meas-
urement. The advantage of the second
method is that data can be obtained con-
tinually at any angle, day or night, while the
extinction measurement can obviously only
be made during the day in the direction of
the sun. Thus, the first method provides a
limited amount of accurate attenuation
data over a large dynamic range while the
second method produces alarger sample of
somewhat less accurate attenuations over a
smaller dynamic range.

Rain attenuation statistics have been ob-
tained for Hawaiiat 15 and 35 GHz and for
Boston at 35 GHz. It appears that attenua-
tion and rain rate are reasonably well corre-
lated for Hawaiian rain but are cssentially
uncorrelated for Boston rain.
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Simultaneous records of received mm signal
level as a function of time .for two ground
stations having a separation of 9 miles. Upper
trace is for light intermittent rain and shows
that space diversity is not too effective. The
lower trace however is for heavy rain and is a
perfectillustration of the value of space diver-
sity, The secondary site is badly affected while
the primary site is operational.
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Since heavy rain is generally quite
localized, the possibility of using site diver-
sity to improve the reliabiiity of a communi-
cations link was investigated. Results based
ona year of data showed that asite diversity
system in the Boston area, with a 7-mile
separation between sites, would improve
system reliability significantly. Under the
conditions of this experiment, it was found
that for the proposed two-site diversity sys-
tem, an 18-dB increase in the effective
radiated power of the satellite (above that
needed to overcome free-space loss) would
be required for an outage time of one hour
per year as opposed to over 33 dB for a
single-site system.

Atmospheric scattering limits the data
rate of millimeter communication chan-
nels. Several approaches to this important
problem are currently being pursued in-
house. One such study of this limitation has
been carried out through investigation of
the propagation in a random medium
using a perturbation theory that assumes
small fluctuations in the index of refrac-
tion. In order to cover the other extreme,
the cate of strong fluctuations, an approach
that involves functional metbods is being
tried. The crucial factor in this approach is

- the characteristic functional from which

the complete statistical description of the
waves in a random medium can be derived.
The goal of all these related approaches is
to develop an accurate statistical model for
atmospheric scattering which will enable
the Air Force user organizations to predict
realistic data rates for millimeter communi-
cation channels.

REMOTE SEMSING OF LOWER ATMOS-
PHERIC STRUCTURE: Temperature and
humidity data can be obtained from cither
ground-based or satellite-based radiomet-
ric measurements of atmospheric emission
by inverting the radiative transfer integral.
The accuracy to which the meteorological
data can be inferred depends on the ac-
curacies of the radiometric measurement,
the absorption coefficients of water vapor
and oxygen, the line breadth constants of
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the absorption lines and the technique used
to invert the radiative transfer integral
equation. This laboratory has reviewed dif-
ferentinversion methods along with stabili-
zation techniques. By introducing Bayesian
estimation theory, a more intuitive and uni-
fied approach to the inversion problem re-
sults. One result of this approach was t:
show that several statistical inversion tech-
niques are particular cases of the general
Bayesian estimation and are identical
under specified conditions.

A computer program to determine in-
version accuracy has been written. The
stabilization techniques and information
processing of passive sensor data that have
been developed are now being used in the
Defense Meteorological Satellite Program.

TROPOSPHERIC FORWARD SCATTER PROP-
AGATION: Microwave signals in the near
millimeter wave region have been used in a
long-range forward scatter experiment
conducted jointly by the laboratory and the
Canadian  Communications  Research
Center. The purpose of the experiment is
to study both signal propagation and
tropospheric parameters.

The increasing number of communica-
tion links above 10 GHz makes the alloca-
tion of shared frequency bands inevitable.
The feasibility of frequency sharing be-
tween earth-space and terrestrial line-of-
sight communications systems depends
upon ability to predict the statistics of inter-
ference between these two systems over any
given path. The experiment mentioned
above has accumulated signal statistics at
15.7 GHz and a path length of 500 km for a
one-year period and will be used to obtain
better long-range propagation interfer-
ence prediction in this frequency range.
The narrow beam antennas (0.15 degrees
beamwidth) used for transmission and re-
ception limit the scattering to a well defined
region in space. Computer control of an-
tenna pointing was used to quickly probe
received signal levels at a series of scatter
locations. Some of these yielded additional
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information on propagation mechanisms
previously notavailable, such as the distinc-
tion between hydrometeor and turbulent
air scatter.

The precise definition of the scatter re-
gion in space is even more important when
the forward scatter link is used as a remote
meteorological sensing tool. A wealth of in-
formation on troposphericscattering struc-
ture and motion has been obtained during
the propagation experiments. This addi-
tional information was collected during
routine spatial scans incorporated into the
measurement programs. The signal used in
such scatter experiments is highly coherent
in transmission. When scatterers contribut-
ing to the received signal are in motion,

‘they impose a doppler shift on the scattered

signal. A long-range bistatic system has the
property that the observed average dop-
pler shift in the scatter volume is essentially
due to the wind component across the
propagation path. The observed frequency
shift is proportional to the horizontal dis-
tance of the scatter volume from-the line
connecting the transmitter and. receiver.
Twenty doppler scans are recorded in the
plane transverse to the propagation path
and including the mid-path point. These
are, in effect, a map of the vertical -cross-
path wind structure between 5 and 15 km
heightand covering a range of 30 km either
side of the center. Under reasonably uni-
form crosspath winds over the 60-km hori-
zontal range, the linear dependence of
doppler shift in the off-path position is
quite obvious, with a reversal in sign be-
tween the upwind and the downwind reg-
ions. Strong wind shears have been ob-
served in this fashion and could bc verified
from routine radiosonde stations operating

in the vicinity of the forward scatter path.

SOLAR ACTIVITY: Solar radia‘ion is the
prime energy source for the terrestrial en-
vironment. Variations in either the inten-
sity or the spectral character of this energy
produce corresponding changes in our
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local environment referred to as aurora,
HF communications blackouts, magnetic
storms and polar cap absorptions. Because
these effects disrupt communications sys-
tems, a world-wide program of solar obser-
vations has been in progress with tire goal of
developing a capability to forecast the oc-
currences of the major solar disturbance,
the proton flare.

Laboratory scientists have recently com-
pleted an analysis of high-resolution radio
observations at 9.1 cm (Stanford), 8.6 mm
(AFCRL) and 3.4 mm (Aerospace) taken
aver the years 1968 to 1970. The purpose
was to determine the spectral character of
individual active regions during their pas-
sage across the solar disk. Positional com-
parison of enhanced regions demonstrated
that the majority of active regions individu-
ally observed, at resolutions between 3 and
4 arc-minutes, have no corresponding fea-
ture at the other two wavelengths. For those
centers which- could be co-located, how-
ever, a catalogue was prepared and em-
ployed as a data base for determining mean
characteristics of such regions. The
catalogue provides rxean values of region
fluxes, sizes and spectral indices in the 9.1
cm to 3.4 mm wavelength range. A signifi-
cant deviation from the mean characteristic
of those active regions generating proton
flares is suggested as a potential means of
forecasting high energy events.

ROTATION RATE SENSORS

There is-a continuing Air Force need for
more sensitive and more reliable rotation
sensors to be used in navigation and-guid-
ance systems for missiles and satellites. De-
vices sensitive to very low rotation rate zre
required to prevent significant navigation
ertors on a long flight. Rotation rate sen-
sors based on interferometry of countercir-
culating waves in a circular configuration
are being studied in the Laboratory. Opti-
cal waves in such a geometry lead to a phase

N PO

shift proportional to the angular velocity of
the ring and the area of the enclosed circuit.
Elastic surface waves—both acoustic and
magnetic—may also be used in similar ring
interferometers, although thereis notaone
to one correspondence with the optical case
owing to the non-constancy of elastic sur-
face wave velocity in different frames of
reference. This latter approach has been
adopted and the theoretical principles of
such rotation rate sensors, based on ring
interferometry of acoustic and magnetic
clastic surface waves, have been estab-
lished. Such devices require relative motion
between the transducer generating the
waves and the medium on which the waves
propagate. An advantage of these devices is
that the calculated sensitivity is higher by
several orders of magnitude than that for
optical (Sagnac) ring interferometers.
Acoustic and magnetic devices -could be
used both as- tachometers and “pick-offs”
for gyro readouts.

In establishing the theoretical founda-
tions of the acoustic and magnetic rate sen-
sors (ARS and’MARS), much attention has
been given to the differences between elas-
tic surface waves and optical waves. These
differences -originate in the fact that the
velocity of light in vacuo is a constant for all
frames of reference. The ARS and MARS
approaches are feasible because coupling
between the transducer and the medium is

possible without direct physical contact.

The first ARS device uses a quartz cylinder
as the sensing element and has been de-
signed to operate at 100 MHz. A disk of 1
cm? area rotating at 1 rpm would give a
phase shift of about 10 minutes at this fre-
quency. The first experiment designed to
demonstrate the MARS :principle is being
done with a film of yttrium iron garnet
(YIG) grown epitaxially. This YIG film is
the carrier for the magnetostatic waves that
are generated at frequencies of 1 104 GHz.
A 4-GHz wave traveling about a cylinder of
1-cm radius rotating at 1.5 rps would lead
to a phase shift of about 1 degree.
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HYPERSONIC ELECTROMAGNETICS

Shock-ionized flow fields produced by an
acrospace vehicle during atmospheric
reentry severely disrupt the operation of
clectromagnetic radiating and penetration
aids on board the reentry vehicle. Research
and development efforts range all the way
from rocket flight tests to laboratory studies
of plasma simulation techniques. The
fourth and fifth rocket launches of the
Laboratory’s Trailblazer payloads occurred
in July 1972 and December 1973. The
rocket program is now in « period of transi-
tion. The Trailblazer series of flight tests,
all five of which were successful, was com-
pleted and provided excellent data on the
high-altitude (100 to 300 kilofeet) radio
blackout effects on microwave systems.
This altitude regime is primarily of impor-
tance for electronic countermeasures
(ECM) systems on ballistic missiles. How-
ever, similar problems also occur at lower
altitudes with the radar fuzing systems on
reentry vehicles. A new series of rocket

A plume of incandescent gas is produced by
the intense heating of a ceramic specimen ex-
posed to a beam of focused infrared laser
radiation. Changes-in the microwave propa-
gation characteristics of the ceramic material
are monitored during the irradiation period.
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flights is now being planned and will inves-
tigate these low-altitude effects.

One task has been directed toward an
analysis of the breakdown effects that are
encountered when a high-power mi-
crowave signal is incident upon an ionized
region of space. This problem is prominent
during high-power transmissions from
reentry spacecraft. A related study that
grew out of the microwave analyses is that
of laser-induced breakdown in the atmos-
phere. This phenomenon can be a limiting
factor in high-energy laser propagation.
One other experiment undertaken since
the last reporting period is the analysis of
the effects of high-power laser irradiation
on dielectric materials.

TRAILBLAZER ROCKET FLIGHTS: The goals
of the Laboratory’s high-altitude experi-
ments, using the Trailblazer II test vehicle,
were to acquire data on the ionization oc-
curring in the shock layer formed around a
vehicle during reentry, and to develop
techniques to suppress the electrons in the
flow which cause the distortion and attenu-
ation of microwave signal transmission. An
associated objective was to develop diagnos-
tic devices to measure-the flow properties.
All these goals have now been achieved.

The first three flights were used to de-
termine the effects of the ionization on an-
tenna performance. At low-power levels,
the ionization causes- antenna impedance
mismatch, signal attenuation and antenna
pattern distortion. The antennas placed at
various positions on the vehicle experi-
enced a variety of conditions and the levels
of signal degradation changed as a function
of altitude. At high-power transmission
levels, additional effects are found. For ex-
ample, the ionization reduces the antenna
breakdown threshold and this places con-
siderable constraint on the useful power
levels of on-board ECM systems.

In the second phase of the program
(Flights 4 and 5), the emphasis was on
eliminating or greatly reducing the effects
of the shock-induced ionization. The prob-
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lems are caused by the presence of unat-
tached electrons in the medium through
which the signal propagates. The electrons
are free to oscillate with the signal and pro-
duce distorting effects when their number
becomes sufficiently large. The method
sclected to overcome this problem was to
reduce the free electron concentration by
introducing chemical additives into the
flow, particularly substances that have a
strong affinity for attaching clectrons. Such
clectrophilic agents reduce the free elec-
tron concentrations by binding up the elec-
trons as negative ions, and these heavier
ions do not have a significant effect on the
signal transmission. This alleviation tech-
nique is much more efficient than simply
cooling the flow which would require the
addition of much larger amounts of mater-
ial.

In conjunction with the flight tests,
Laboratory scientists developed computer
models to provide -numerical solutions to
the combined Maxwell-flow field equa-
tions. In the absence of any additives, these
models have given good agreement with
previously obtained test.data. Models that
include the effects of additive materials are
now being computed and the resuits will be
compared to the flight test data.

Two quite different additive techniques
were tested in the rocket flights. One tech-
nique was the localized injection of a liquid,
Freon 114B2 (Flight 4); the other was use of
an electrophilic material in the vehicle heat
shield (Flight 5). On this fifth flight, a Tef-
lon coating was effective in its dual role of
providing heat protection to the vehicle
and of reducing the electron density levels
-around the surface of the nose cone. Heat
transfer from the external flow causes heat
shield ablation releasing the alleviant mate-
rial from the heat shield into the boundary
layer. Both methods have, therefore, been
shown tobe effective and viable approaches
for reducing electron concentrations in the
shock layer. On these last two test flights,
signal attenuation levels for the test anten-
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S-BAND ANTENNA
UHF LINEAR SLOT

ELECTROSTATIC
PROBE

S$-BAND
DIAGNOSTIC
ANTENNA

A typical nosecone designed to conduct flight
experiments on the performance of base-
mounted antennas. These antennas are ex-
posed to electron density gradientsin the near
wake of the test vehicle during low alitude
reentry and their performance can be se-
verely degraded. In addition to the basic an-
tenna measurement experiment, the payload
contains diagnostic instrumentation to de-
termine the ionization levels at the rear of the
vehicle and in the near wake region. This
information will be-important in evaluating
the actual transmission dataduring the flight.

nas were improved by about 30 dB-through
the use of the alleviants.

The diagnostic measurements included
in the flights are an additional informa-
tion-gathering aspect of the program. Sev-
eral extremely interesting devices were
tested on these flights and some unique
scientific results were obtained. The reen-
try vehicles for both alleviation flight.tests
were outfitted -with a number of electrosta-
tic probes that measured directly the
charged particle densities over the vehicle
surface. It was necessary to measure both
the positive ion and the electron densities to
determine the effectiveness of the allevia-
tion material in reducing the concentration
of free electrons. This was the first success-
ful simultaneous measurement of both
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positive- and negative-charged particle
densities during flight tests. The probes
were judiciously placed on the vehicles and
measured the whole time history of the
additive-plasma interaction as a function of
the position on the vehicle, the spreading of
the additive stream when local liquid injec-
tion was used, and any non-uniform abla-
tion of the Teflon heat shield.

A number of effects were observed. Lig-
uid injection reduced the measured free
electron density by three orders of mag-
nitude following each injection pulse. Sec-
ondly, from the measured changes in
charged particle density, the liquid additive
stream was seen to spread out as it flowed
back over the vehicle. The Teflon heat
shield reduced the electron density by a
factor of 200 throughout the time interval
that the probes were sensitive to the plasma.
The probe results during that flight also
showed no effects of uneven ablation.

Additional measurements served to con-
firm these significant diagnostic results.
The electrostatic probes measure the elec-
tron density only within several millimeters
of the vehicular surface, whereas the mic-
rowave signal attenuation depends upon
the total integrated electron density
throughout the entire thickness of the
plasma sheath. This integrated effect was
observed directly, using the on-board
S-band test transmitter and antenna as a
diagnostic device, as well as a signal svurce.
The variations in the signal strength re-
ceived at ground stations, the coupling to
another on-board antenna, and other ob-
served radiation characteristics could all be
related to corresponding fluctuations in the
properties of the reentry plasma sheath as a
function of altitude and vehicular motion.
These microwave transmission data were
then used to compute electron density pro-
files for the reentry trajectory which agreed
quite well with the electrostatic probe data
and also with theoretical flow field predic-
tions.

An additional validation of the electro-
static probe as a diagnostic tool was ob-
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tained through the close agreement of its
response with that of a special stripline
probe on the third Trailblazer rocket flight.
Both plasma diagnostic devices measure
the electron density close to the vehicle sur-
face, but employ entirely different princi-
ples. Thus, one can be checked against the
other.

The evaluation of the flight data indi-
cates that both types of alleviation tech-
niques (liquid injection and electrophilic
heat shiclds) can be applied successfully
and that differences in weight, penetration,
and distribution will decide which ap-
proach would be most applicable for a
given mission requirement.

ARMING AND FUZING ANTENNA MEAS-
UREMENTS: Air Force interest in the per-
formance of high-velocity missiles at low
altitudes has opened up a new area of re-
search centered about antennas and shock-
induced ionization. As a resultof the higher
atmospheric densities involved, an entirely
new spectrum of problems has emerged.

A new class of base-mounted antennas
(windowless) is being considered for use on
advanced reentry vehicle systems. The an-
tennas are placed in the relatively protected
base region of the nose cone. This antenna
location leaves the nose-cone skin mechani-
cally intact, and so it can operate at much
higher aerodynamic stress levels.

Some preliminary research into the prob-
lems of antenna operation under these
low-altitude, high-stréss conditions has
begun. The situation is complex because at
these altitudes the boundary layer has be-
come turbtilent, and very little information
is available on the properties of the flow in
the near wake base region where the an-
tennas are located, Thus, to evaluate the
system performance, one must first obtain
experimental data against which theoreti-
cal analyses can be tested.

Ldboratory sciéntists are simulating the
nose-cone environment using cloth made
of a conducting fabric to represent the lossy
medium associated with the near wake
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flow. In addition, a contractual effort is
being conducted for AFCRL in the MIT
wind tunnel using a slightly more sophisti-
cated approach to the problem of analyzing
the wake properties for conical bodies. Fi-
nally, actual flight tests with a series of vehi-
cles at velocities and altitudes approaching
actual operational conditions are being
planned. The combination of these various
efforts should provide a range of informa-
tion which will be useful i establishing the
performance of such antennas for Air
Force missions.

MICROWAVE ENERGY/PLASMA INTERAC-
TIONS: The study of the ionized environ-
ment that exists in the vicinity of an aero-
space vehicle requires a knowledge of the
complex interactions between microwave
energy and plasmas. Two such Laboratory
studies centered about 1) the effect of
preionization on microwave breakdown,
and 2) the generation of harmonic emission
from a plasma.

When a high-power microwave signal
propagates along a path containing re-
sidual -onization, the breakdown level of
the medium is markedly decreased. Such
paths can occur naturally in transmission
from hypersonic vehicles within the sensi-
ble atmosphere, or such paths can be artifi-
cially produced by nuclear detonations. A
computer program has been written to cal-
culate the electric field strength required to
initiate microwave breakdowt it a partially
ionized gas. The breakdown field is found
by calculating ionization rates and balanc-
ing them against the losses due to diffusion
in the free and ambipolar modes. These
analytical results were compared to ex-
perimental data obtained in neon and
neon-argon mixtures. In certain pressure
ranges, lowering of breakdown voltage by
as much as a factor of 5 was confirmed
when residual electron densities of 108 per
cubic centimeter and greater were encoun-
tered. Simultaneous measurements of the
clectron density, metastable density, and

the microwave breakdown field in a neon
afterglow have also been made. Results
show that electron collisional ionization of
the necon metastable states tends to be the
dominant electron production mechanism.

The interaction of a high-power mi-
crowave signal and a plasma can also pro-
duce non-linear effects. One such effect is
the generation of second harmonic emis-
sion when a plasma is subjected to mi-
crowave absorption at plasma resonance.
Laboratory scientists have confirmed this in
experiments with neon and xenon plasmas.
Measurements of the amplitude of the sec-
ond harmonic emission as a function of
input power and the neutral gas density
were also made. Experiments such as these
provide a better understanding of the
signal loss and distortion that occur in a
plasma environment.

LASER DIELECTRIC INTERACTIONS: Many
classes of dielectric materials are relatively
transparent to microwave energy. Under
laser irradiation, however, cértdin of these
materials can become less transmissive: The
change may be permanent or transient. A
study to characterize the altered dielectric
properties and their effect on-microwave
signal transmission has recently been in-
itiated,

A CW carbon dioxide laser is used to
irradiate a variety of dielectric materials.
Depending upon the sample absorption
coefficient, thermal conductivity and
specific heat, an increase in temperatute
will occur. This temperature change imay
be accompanied by changes in the sample’s
dielectric constant and loss tangent. Small
samples of material under test have also
been placed within a microwave cavity
structure. The resonant frequency and
quality-factor are determined for the cavity
and sample combination. By repetitively
sweeping the cavity with a probing signal of
sufficient bandwidth during the laser ir-
radiation period, changes in resonant fre-
quency and quality factor can be dynami-
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The output of a 300-watt carbon dioxide
laser, operating at 10.6 mictometers, is used
to locally heat a diclectric sample held in a
ground plane (bright spot). Effects of this ir-
radiation on the sample properties can be de-
termined by suonitoring -the microwave re-
flections in the waveguide section or by
transmitting to a receiving horn,

cally monitored. This information yields a
temporal history of the changes in dielec-
tric constant and loss tangent of the illumi-
nated samples. In_other, more recent ex-
periments, the dielectric sample was placed
in the open end of a waveguide section ter-
minated in a ground plane. In this config-
uration, using standard microwave diag-
nostic techniques, the complex impedance
coefficient may be determined. The trans-
mission, reflection, and absorption of mi-
crowave energy by a laser-irradiated sam-
ple may thus be measured. The laser power
level is varied in successive tests and the
dependence of the dielectric properties on
incident laser power is thereby determined.

It has been found that dielectric materi-
als containing organic components, such as

-epoxy impregnating resins, undergo ther-

mal decomposition, leaving permanent
conducting areas that, in turn, alter the
microwave transmissive properties. Certain
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ceramic dielectrics, on the other hand, suf-
fer changes only under actual high temper-
ature conditions and rapidly recover to
pre-test characteristics upon cessation of
laser irradiation and subsequent cooling.
Having established that normally trans-
missive material may undergo changes dur-
ing or after laser irradiation, the question
arises as to the effect, if any, that such
changes can produce in the radiation pat-
tern of transmitted microwave signals. A
two-fold effort is underway to answer this
query. A computer code has been written to
predict the effect on the far field antenna
patterns of microwave systems whose
radiating apertares are blocked by obsta-
cles of arbitrary size, shape, position, and
degree of transmissivity. Laboratory exper-
iments have also been conducted to meas-
ure the changes in antenna pattern when
laser damage is simulated by using patches
of fully or partially reflecting materials
placed near the radiating structure. The
tests have shown that the degree of pattern
distortion varies with the nature and
placement of the patches, as well as the type
of radiating structure under observation.

LASER PLASMA PRODUCTION: Power den-
sities produced by readily available laser
systerns can alter the medium through
which they pass. Heating of naturally oc-
curring suspended. particulate matter can
produce diffraction effects due to density
variations, At higher power densities, these
aerosol particles can become ionized, and
produce plasmas through cascade break-
down. Finally, in the gigawatt density re-
gion, the very molecules that compose the
atmosphere can break down and produce
dense plasmas.

Certain of these laser-plasma-producing
regimes are under study using a CW CO,
laser, as well as a pulsed, 15-joule, trans-
versely excited atmospheric pressure CO,
laser. In particular, the laser-supported
combustion wave is of interest since it may
be ignited at relatively low laser power
levels. Once established, such a plasma ex-
tracts energy from the incoming laser wave
to maintain itself. This mechanism suggests
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a technique for reducing the energy deliv-
ered to a surface by an intense laser beam.
The production of energy-absorbing plas-
mas adjacent to asurface s therefore under
investigation. The influence of coatings
containing readily ionized components, as
well as the injection of solid particle
acrosols, is under study. This effort at-
tempts to produce a lowering of the charac-
teristic power densities required to initiatea
laser-supported absorption wave, and
thereby protect the surface from further
laser damage.

WAVE PROPAGATION IN AND SCATTER-
ING FROM TURBULENT MEDIA: The index of
refraction of the atmosphere varies from
point to point in a random manner and this
fact classifies it as aturbulent medium. Al-
though the average value of the variations
is zero, electromagnetic waves passing
through the atmosphere can be strongly
affected. This is an important considera-
tion for communications and tracking sys-
tems working at millimeter and optical fre-
quencies. The turbulence can lead to loss of
coherence and spreading or scattering of
the radiation, coupled with a fluctuation in
the intensity of the signals. Such behavior is
generally observed in the propagation of
laser beams through the atmosphere.

The classical approach to this problem
involves the Born. or Rytov approxima-
tions. These approaches fail, however,
when the turbulence is strong, which is true
of long propagation paths in the lower at-
mosphere. In order to include strong tur-
bulence effects, Laboratory scientists de-
veloped a new approach based on transport
methods, and derived relations for the in-
tensity distribution, mutual coherence
function and frequency spectrum of a col-
limated or focussed beam. The effects of
turbulence strength an:! the imnner and
outer scales of the turbulence are included.
In addition, the intensity and phase fluctu-
ations of the signal were derived. Scientists
were able, for the first time, to theoretically
predict the saturation of the amplitude
fluctuations, a phenomenon observed by
Soviet researchers.

A second aspect of this research is related
to the scattering of electromagnetic waves
from turbulent media (as opposed to the
line-of-sight propagation discussed in the
previous paragraph). This is of importance
since reentry vehicles usually produce a
turbulent plasma wake which often has a
radar cross section larger than the vehicle
itself. Since the properties of the wake can
be used to discriminate decoys from reen-
try vehicles, it is important to be able to
predict its cross section. The radar cross
section is traditionally calculated using the
Born approximation, but flight-test data
show that this is often inadequate, since it
neglects the multiple scattering of the inci-
dent radar signal and also does not prop-
erly include refraction effects. Laboratory
scientists studied the effects of including
both multiple scatter and refraction in the
cross section predictions. First studied was
the effect of including multiple scatter. Its
inclusion leads to, at most, a 3 dB correc-
tion. However, other studies showed that
the inclusion of refraction can lead to a
correction of tens of dB’s when the aspect
angle at which the wake is viewed is small.
The results of these studies are being used
to develop improved wake cross-section
models and as a corollary, more accurate
predictions of the wake's electromagnetic
scattering behavior.

MICROWAVE ACOUSTICS

Surface acoustic wave devices.can now be
used not only as delay lines but can also
perform sophisticated signal processing
functions, such as correlation and convolu-
tion, that previously required a computer.
In addition, microwave acoustic compo-
nents can perform many of the functions of
purely electronic devices and they do thisin
-maller packages, since the acoustic velocity
and wavelength are 100,000 times smaller
than the electromagnetic velocity and
wavelength.

In recent years, Laboratory scientists
have performed basic measurements and
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I0T  TAP 50 TAPS
IN  OUT ouT

50 = HALF~V/AE TAPS

50 = QUARTER - WAVE TAPS

Reflections from tap lines are a source of
signal distortion in surface acoustic wave
uansducers. A change in line spacing from
Ealf 1o quarter wavelength ensures that there
are no net reflections at the input.

calculations of acoustic properties for de-
vice designs and made them available in the
Microwave Acoustics Handbook and the
Acoustic Surface Wave Design Data Chart.
Both publications are much in demand.
Moderate time-bandwidth surface acoustic
wave pulse compressors are currently being’
used in Air Force radar systems and the
Laboratory’s present research is directed
toward the development of compact, inex-
pensive, contiguous, surface acoustic wave
filters. These will find use in command,
control, and communications systems and
also in electronic warfare applications.

IMPROVED SURFACE ACOUSTIC WAVE
(SAW) TRANSDUCERS: SAW transducers are
fabricated by depositing thin metal film
lines on a piezoelectric substrate. Although
the individual loading of each metal line is
very small, the coherent addition of reflec-
tions from many lines spaced by one-half
wavelength produces significant reflections
and losses that cause signal distortion. Two
approaches were taken to solve this prob-
lem. The first was experimental and re-
quired the development of a real-time laser
probe to measure the magnitude of the re-
flections and losses. A theoretical transmis-
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sion line model of the transducer was used
to calculate the impedance mismatch be-
tween the deposited metal film and the sub-
strate from the measured reflection. With
this technique, metal-substrate combina-
tions with minimum impedance discon-
tinuities can be chosen.

The second novel solution to this limita-
tion is to space the transducer lines by one-
quarter wavelength so that the impedance
discontinuities produce no net reflections.
This scheme has proved very successful-in
building SAW filters with precise band-pass
characteristics.

MINIMIZATION OF SURFACE ACOUSTIC
WAVE DIFFRACTION: A major source of loss-
es in microwave frequency surface wave
devices is diffraction loss. Prediction of
such diffraction effects is greatly compli-
cated by the material anisotropy. Labora-
tory scientists have solved this difficult
problem so that it is no longer a fundamen-

Coriputer simulated stop action view of sur-
faze acoustic wave diffraction from an inter-
digital transducer. Here the aperture is 40
wavelengths wide and the simulated radiation
is into an anisotropic medium. Such displays
were used by AFCRL scientists in their de-
velopment of materials and crystal cuts that
minimize diffraction spreading.
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tal limitation. Tests have experimentally
confirmed-this new general theory and de-
lineated the limits under which a simpler
scaled isotropic theory can be used. These
techniques have recently been used in the
comprehensive, optimum design of un-
iform surface wave transducers. Both
anisotropic diffraction and beam-steering
effects are included in these designs.

In non-uniform or apodized transduc-
ers, the aperture width varies along the
length of the transducer. Ideal transducer
design procedures assume that the acoustic
beam remains the sante width as the finger
pair from which it is sent. Anisotropic dif-
fraction effects, however, cause each beam
to spread at a different rate. Laboratory
scientists have developed a general diffrac-
tion compensation synthesis procedure
that corrects the original ideal design for
diffraction variations for any anisotropic
material. In addition, a new class of crystal
has been discoversd in which the inherent
anisotropy of the material is used to con-
tinually refocus or reform the beam. This
virtually eliminates diffractior. spreading.
One of these minimal diffraction cuts has
been experimentally shown to have 100
times less beam spreading than isotropic
materials. Such crystals are being used to
makc «.mpact delay lines having hundreds
of microseconds of delay without prohibi-
tive diffraction losses. Another feature is
thatideal transducer designs can be applied
to these crystals without the need for
further diffraction compensation. This ad-
vance is being applied to the highly
apodized filter having rectangular band-
pass characteristics required for fast spec-
tral analysis.

FREQUENCY SYNTHESIS WITH ELASTIC
SURFACE WAVES: Many electronic devices
use a number of stable, equally spaced fre-
quencies in their operation. The apparatus
that provides such signals is called a fre-
quency synthesizer. Surface acoustic wave
technology has been applied to develop a
novel, compact frequency synthesizer. The
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development is in response to an ESD re-
quirement.

A single clock-controlled pulse generator
produces a pulse train containing the re-
quired frequencies as harmonics. A surface
acoustic wave filter band selects and filters
the required signals. This approach inher-
ently yields high reliability and low costs.
The latter advantage stems from a fabrica-
tion technique of contact printing the en-
tire filter bank from a single photolitho-
graphic master in much the same way as in
integrated circuit production. Prototype
filter banks with 21 channels have been fab-
ricated on single 0.9 x 2 cm piezoelectric
substrates. Each of the 21 filters consists of

CLOCK

Y
PULSE
GENERATOR

y__ ,
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The 2 cm scale refers to the dimensions of the
acoustic surface wave filter bank in this
AFCRL-developed microwave  frequency
synthesizer. Each vertical column is a separate
surface acoustic wave filter. Te signal prop-
agates as a Rayleigh (su ‘tace acoustic) wave
from the small transduc.:r at the top to the
larger one at the bottom, Each visible line in
the insert is composed of 4 1.5 wide lines.
"The spacing between the center of the lines
determines the frequency of the filter.
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an input and an output transducer, and the
pairs of transducers are designed to consti-
tute 21 filters, each tuned to a different
frequency. In addition to the response peak
that each filter has at its design frequency,
each filter has a response null, or rejection
notch, at all the other frequencies. Thus,
the pass frequency of each channel corre-
sponds to the nulls of all other channels. A
spectrum of regularly spaced frequencies
across the band is generated by repetitive
sub-nanosecond pulses recurring at a rate
equal to the null-spacing interval. When
this signal is distributed to the 21 input
transducers, the output transducers simul-
taneously yield the required 21 CWsignals.

Test devices were contact printed on
lithium tantalate, with an acoustic surface
wave propagation velocity of 3230 m/sec,
and aluminum-nitride-on-sapphire, which
has a propagation velocity of about 6000
m/sec. The same 2l-channe! master was
used in both cases. The tantalate yielded

contiguous filters spaced by 5.3 MHz, with

frequencies from 520 through 650 MHz,
and relative center frequencies accurate to
about 0.02 percent. The rei=ction ratio for
the periodic frequency input was in excess
of 40 dB, with an insertion loss of about 17
dB at the center frequency of single chan-
nels. The aluminum nitride thin film device
had channels spaced by 10 MHz in the
970-1210 MHz band. Because of non-
uniformities in the film, however, the per-
formance was not as good as the lithium
tantalate. However, no degradation of per-
formance was found for the aluminum ni-
tride filters with a CW input of 1 watt per
channel.

Second-order effects have -been mini-
mized by the use of a“thinned” transducer
configuration, i.e., periodically omitting
groups of transducer lines. This allows one
to retain the same overall transducer length
and this determines the null spacing. At the
same-time, however, reducing the number
of lines minimizes the effects of acoustic
reflections. Without thinning, these reflec-
tions would badly distort the frequency re-
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sponse. Electromagnetic leakage has been
decrei:zd by a package design that
minimizes feedthrough with minimum
lead lengths and maximum shielding.

Computer calculations have been carried
out to develop an optimized matching
scheme for connecting all of the input
transducers to the pulse source. By using a
series-parallel connection of the input
transducers to match the real part, and a
single inductor to tune out the combined
imaginary part, a satisfactory alternative to
complicated and bulky matching networks
has been developed. This approach pre-
serves the simplicity, compactness, and re-
liability inherent in this SAW design of a
multichannel filter bank. This work is being
extended to fast spectral analysis applica-
tion for electronic reconnaissance, warfare,
and intelligence applications.

MICROWAVE DIELECTRIC RESONATORS
AND FILTERS: Diclectric resonators have an
advantage in microwave circuit applica-
tions at frequenc.es above 3 GHzbecause of
their small size, simple coupling circuitry
and high reliability. They are especially
useful where multichannel filtering and
high'density packaging are-required. One
such application is a Laboratory-developed
96-channel, C-band Frequency Analyzer,
which incorporates 96 individual contigu-
ous filters, each having a 3 d B bandwidth of
10 MHz. The core of the filter module is of
circular cross section, with eight radial
separators and 12 disks formed into 96 in-
dividual ceils. Each cell contains dielectric
~esonator-disk and detector circuitry which
couples to a single common coaxial feed
line in the center of the core. The signal
processing circuitry is' mounted on etched
circuit boards mounted radially on the
metallized core. The first such frequency
analyzer was, of course, a hand-wired pro-
totype. The operational version will have
large-scale integrated (LSI) circuits, reduc-
ing the protruding radial boards to mere
Ya-inch wide strips. This frequency
analyzer was developed in response to a
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This 96-Channel C-Band frequency analyzer
has 96 individual strontium titanate disk res-
onators arranged in a corn cob type core,
.coupling to a single coaxial feed line. The 10
MHz wide filters give contiguous coverage
from 4000-4960 MHz. A parallel processing
signal sorter supplies output voltages propor-

tional to the detected frequencics in less than -

1 microsecond. Such devices find use in elec-
tronic warfare applications.

SAMSO requirement.. Another application
of dielectric resonators, curre:tly under
study in the Laboratory, is a wideband elec-
tronically tunable filier for the AWACS
and AABNCP Systems.

MAGNETIC SURFACE WAVES: A magneti-
cally saturated ferrimagnet, such as yttrium
iron garnet, will support many modes of
propagation in the microwave frequency
range. The modes include both surface and
volume waves in which the energy carried
by the waves is purely magneticin character
-with the electric field component entirely
negligible. The velocity of propagation is
tunable and propagation velocities may be

B Ry T P N W VIO sl b acdd. . waz

varied by several orders of magnitude.
Most of these waves are reciprocal in the
sense that energy can propagate between
any two points in either direction. One
type, however, is non-reciprocal.

Laboratory scientists have made signifi-
cant advances in the generation, control
and understanding of these magnetic sur-
face waves. They find use in signal process-
ing devices at frequencies above a few
gigahertz, where acoustic surface wave
losses are prohibitively high. Among other
possibilities, tunable filters, variable delay
lines, puise compressors, and isolators can
be constructed using these magnetic sur-
face waves. In addition, they possess the
unique features of non-reciprocity and
electronic tunability and these are not pos-
sessed by their acoustic counterparts.

The practical use of magnetic surface
waves at 15 GHz was demonstrated at
AFCRL. Propagation losses were measured
and figured to be-a thousand times smaller

. than the best previously obtained. This was
accomplished by reducing the surface
losses with optical polishing followed by
suitable chemical-polishing. Measurements
were also made of insertion, coupling, and
propagation loss of tunable microwave
magneticdelay lines. It was shown that elec-
tronically tunable delay lines, in the fre-
quency range 4-12 GHz with zero to one
microsecond delays, are indeed practical.
As a result of these in-house efforts, Lab-
oratory scientists feel that magnetic surface
wave technology is ready for exploitation
and utilization in microwave signal process-
ing systems,
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Electrostatic Probe Measurements of the Flow Field
Characteristics of the Blunt Body Reentry Vehicle

5th AIAA Fluid and Plasma Dyn. Conf., Boston, Mass.
(26-28 June 1973)

Haves, D. T., Herskovrre, S. B., LEnnoy, J. F., and
Poier, J. L.

Inflight Electrostatic Probe Measurements of the Effect of
Chemical Injection on the Properties of the Reentry Flow
Field

AIAA 6th Fluid and Plasma Dyn. Conf., Palm Springs,
Calif, (16-18 July 1973)

Enhancement of Microwave Antenna Performance in a
Reentry Plasma: Flight Test Results of Chemical Alleviation
1973 Intl. IEEE/G-AP Symp. and USNC/URSI Mg,
Univ, of Colo., Boulder, Colo. (21-24 August-1973)

Katacuan, P. M.

Solar Limb Brightening at \ = 8.6 Mm

1973-Intl. IEEE/G-AP Symp. and USNC/URSI Mug.,
Univ. of Colo., Boulder, Colo. (21-24 August 1973)

Laxer, K. R, IsT LT,

Computer-dided Analysis and Design of Multiple-Loop
Feedback Active RC Networks

8th Ann. Princeton Conf. on Info. Sci. and Sys.,
Princeton Univ.,, Princeton, N. J. (2829 lmarch 1974)

LAKER, K. R., IsTLT,, BUDREAU, A, ].,and CARR, P. H..
Compact Acoustic Surface Wave Frequency Mulliplexer
1974 1EEE Intl. Symp. on Circuits and Sys. Theory,
San Francisco, Calif. (22-25 April 1974)

LaAkeR, K. R,, IsT LT., and Guausi, M. S. (Natl. Sci.
Fdn., Wash., D. C.), KeLy, . J. (Univ. of Bridgeport,
Conn.)

Minimum Sensilivity Leapfrog Active RC Filters

1974 1EEE Iml Symp. on Circuits and Sys. Theory,
San Francisco, Calif. (2225 April 1974)
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Lamumers, U, H. W, and Ousen, R. L. (Comm. Res.
Ctr., Ouawa, Can.) )
Measurements of Wind-Induced Doppler Shifts at 16 Gilx
Over a Long Range Bistatic Scatter Link
IEEE Conf. on Propagation of Rad. Waves at Freq.
Above 10 GHz, London, Eng. (10-13 April-1973)
Interference Measurements Over a 15.7 GHz Transhorizon
Path
AGARD Electmg. Wave Propagation Panel Specialists
Mtg., Rome, Italy (7-11 May 1973)
Bistatic Measurement of Meteorological and Propagation
Parameters with a High-Resolution Ku-Band Scalter System
1973 Imil. IEEE/G-AP Symp. and USNC/URSI Mtg.,
Univ. of Colo., Boulder, Colo. (21-24 August 1973)

Lamumers, U. H. W., and SticLitz, M. R,

A One Microsecond Pulse Frequency Analyzer for Electronic
Countermeasures

1972 AFSC Sci. and Engrg. Symp., San Antonio, Tex.
(17-19 October 1972)

Mack, R. B.

Resonant Region Scattering

Boston Chap. Mtg. of the-IEEE Gp. on Ant. and
Propagation, Raytheon Co., Bedford, Mass.

(19 September 1973)

Marroux, R, J.

Array Techniques for Limited Scan Application

(Inv. Paper) Boston Chap. Mtg. of IEEE Gp. on Ant.
and Propagation, Boston, Mass. (26 September 1972)
The “Blind Spot” Phenomenon in Phased Arrays

USAF Ant. Symp., Univ. of Ill,, Urbana, Il

(11-13 October 1972)

MairLoux, R, J., and BLacksMmiTH, P.

Array and Reflector Techniques for Airport Precision
Approach Radars

26th Mtg. of the Avionics-Panel, Munich, Ger.
(26-28 November 1973)

MaiLroux, R. J., and Forses, G. R.

An Array Technique with Grating Lobe Suppression for
Limited Scan Applications

1972 Imtl. IEEE/G-AP Symp., Williamsburg, Va.
(11-15 December 1972)

An Experimental Array Program for Limited Scanning
Studies

1973 Intl. IEEE/G-AP Symp. and USNC/URSI Mtg.,
Univ. of Colo., Boulder, Colo. (21-24 August 1973)

MairLoux, R. J., and Mavroipes, W. G.

Design, Fabrication and Testing of a Low Profile Antenna
Jor Aircraft Station Keeping Application

1972 AFSC Sci. and Engrg. Symp., San Antonio, Tex.
(17-19 October 1972)

MERRry, J. B., and SETHARES, |. C.

Low Loss Magnetostatic Surface Waves at Frequencies uf: to
15 GH:

1973 INTERMAG (Intl. Mag.) Conf,, Wash., D. C.
(24-27 April 1973)
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NewBurGH, R. G.

Fresnel Drag and the Foundations of the Special Theory of
Relativity

Boston Colloq. for the Philosophy of Science, Boston
Univ. (27 February 1973); (Inv.) Collog., Phys. Dept.,
Worcester Polytech, Inst., Mass. {9 Octcber 1973);
C(;Iloq.. Phys. Dept., Boston Coll.. Mass. (31 October
1973)

Acoustic and Magnetic Surface Wave Ring Interferometers

fer Rotation Rate Sensing

Collog., Naval Ordance Laboratory (26 Aprii 1974)

OLsEN, R. L. (Comm. Res. Ctr., Ottawa, Can.), and
LaMMERS, U. H. W.

Measurements of Wind-Induced Doppler Shifts at 16 GHz
Over a Long Range Bistatic Scatter Link

IEEE Conf, on Propagation of Radiowaves Above 10
GHz, London, Eng. (10-13 April 1973)

Transhorizon Interference Measurements at 15.7 GHz
1974 1EEE G-MTT Intl. Symp. and USNC/URSI
Mtg., Ga. Inst. of Technol., Atlanta, Ga. (11-13 June
1974)

Papa, R. J.

Nonlinear Transmission of EM Waves Through a Diffusing
Chemically Seeded Reentry Plasma

Fall USNC/URSI Mtg., Williamsburg, Va.

(11-15 December 1972)

Papa, R, J., and TavLor, R. L.

Effect of Losses and Nonlinearities on Transients in
Dispersive Media - A System Study

1973 Intl. IEEE/G-AP Symp. and USNC/URSI Mtg.,
Univ. of Colo., Boulder, Colo. (21-24 August 1973)

Rao, K. V. N.

Nonlinear Electroacoustic Resonances in Afterglow Plasmas
Am. Phys. Soc. Plasma Phys. Mig., Monterey, Calif.
(13-16 November 1972)

RotMan, W,, Jacavanco, D., and HaLberMAN, C.
(Mass. Inst. of Technol.)

Electrophilic Ablators for Reentry Antenna Systems
1972 Intl. 1IEEE/G-AP Symp., Williamsburg, Va.
(11-15 December 1972)

ScHELL, A. C,

A Limited Sector Scanning Antenna

URSU/IEEE/G-AP Fall Symp., Williamsburg, Va.
(12-15 December 1972)

Performance of a Reflector-Array Limited Scan Technique
1975 intl. IEEE/G-AP Symp. and JJSNC/URSI Mug.,
Univ, of Colo., Boulder, Colo. (21-24 August 1973)

SCHINDLER, ]. K.

Resonant Region Radar Observables and Signatures
(Inv.) Tech. Coop. Prog. (TTCP) Action Gp. on
Tariet Signature Characteristics, Naval Res. Lab.,
Wash,, D. C. (3 June 1974)
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SCHINDLER, }. K., and GocGGIns, W. B, Jr., Lt. CoL.
A Novel Airborne Radar Technique for Moving Target
Detection, Location and Tracking

1974 1EEE G-MTT Intl. Symp. and USNC/URSI
Mt7g‘.4,)Ga. Inst of Technol., Atlanta, Ca. (11-13 June
19

SETHARES, |. C.

Low Loss Magnetostatic Surface Waves al Frequencies up to
15 GH:z

1973 INTERMAG (Intl. Mag.) Conf., Wash., D. C.
(24-27 April 1978)

Microwave Magnetic Surface Waves in Saturated
Ferrimagnets

IEEE Mtg. on Mag., Sonics and Ultrasonics Microwave
Theory and Techniques and Aerosp. and Elect. Sys.,
RCA, Burlington, Mass. (11 September 1973)

SE ‘HARES, ]. C., and STiGLiTZ, M. R.

Propagation Loss and MSSW Delay Lines

Intl. Mag. Conf., Toronto, Can. (14-17 May 1974)
Magnetostatic Surface Wave Delay Lines

1974 1EEE G-MTT Intl. Symp. and USNC/URSI
Mtg., Ga. Inst. of Technol., Atlanta, Ga. (12-14 June
1974)

Sverten, C. J.

Applications of Electromagnetic Technology in
ttelecommunications

NSF Wkshp. on Electmg. Theory of Continuous
Media, Williamsburg, Va, (12-15 December 1972);
Univ. ot Miss., University, Miss. (15 February 1973)
4D COM Initiatives - 1973

1473 Indl. IEEE/G-AP Symp. and USNC/URSI Mtg.,
Univ. of Colo., Boulder, Colo. (21-24 August 1973)

SLOBODNIK, A. J., jr.

Material Dependence of AcousticSurface Wave Propagation
Losses

Ultrasonics Symp., IEEE Gp. on Sonics and
Ultrasonics, Boston, Mass. (4 Octabef 1972)

The Effect of Surface Quality on-Acoustic Surface Waye
Attenuation on YZ LiNbO,

1973 Ultrasonics Symp., U. S, Naval Postgrad. Sch.,
Monterey, Calif. (5 November1973)

A Review of the Properties of Surface Acoustic Wave
Materials

(Inv. Paper) MRI Intl. Symp. XXIII on Opt. and
Acoust. Micro-Elect., Polytech. Inst. of Brooklyn,
N. Y. (16-18 April 1974)

SLOBODNIK, A. J., JR., and Szaso, T. L., Capr.
Synthesis of Periodic Apodized SAW Fillers in the Presence of
Diffraction

1974 IEEE G-MTT Intl. Symp. and USNC/URSI
Mtg., Ga. Inst. of Technol., Atlanta, Ga. (11-13 June
1974)
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SLOBODNIK, A, J., JR., SzABO, T. L., CAPT., KEARNS, W,
J., and TIGHE, ]. F., SsGT.

Minimal Diffraction Acoustic Surface Wave Orientations
1978 Ultrasonics Symp., U. S. Naval Postgrad. Sch.,
Monterey, Calif. (5 November 1973)

Szaso, T. L., CapT., and SLOBODNIK, A. J., JR.
Methods for Determining Acoustic Surface Wave Diffraction
Ultrasonics Symp., IEEE Gp. on Sonics and
Ultrasonics, Boston, Mass. (4 October 1972)
Transducer Design Including Beam Steering and
Diffraction

85th Mtg. of Acoust. Soc, of Am., Boston, Mass.
(10-13 April 1973)

WuLrsBeRG, K. N,, and ALTSHULER, E. E.

Statistics on Apparent Sky Temperature at 35 GHz for the
Boston Area 7

1978 Intl. IEEE/G-AP Symp. and USNC/URSI Mtg.,
Univ, of Colo., Boulder, Colo. (21-24 August 1973)

TECHNICAL REPORTS
JULY 1972 - JUNE 1974

ALTSHULER, E. E,, and KALAGHAN, P. M,

Tropospheric Range Error Corrections for the NAVSTAR
System
AFCRL-TR-74-0198 (16 April 1974)

DE ViTto, P. A., Ma].
Some Properties of an Injection-Locked Pulsed Magnetron
AFCRL-TR-73-0078 (16 January 1973)

DE Vito, P. A, MaJ,, CARR, P. H,, and Szaso, T. L.,
Cart,

The Performance of 31 and 127 Bit Elastic Surface Wave
Encoders and Decoders

AFCRL-72-0736 (19 December 1972)

DRrANE, C. ]., JR.

On the Three-Term Theory for Analyzing Thin Cylindrical
Dipole Antennas

AFCRL-72-0744 (29 December 1972)

On Improving Appreximations for Current and Charge
Distributions of Cylindrical Dipole Antennas
AFCRL-TR-73-0752 (18 December 1973)

On the Long Cylindrical Antenna
AFCRL-TR-74-0080 (8 February 1974)

EHRENSPECK, H. W, and STroM, J. A,

A Sixteen-Element SBF Array
AFCRL-72.0500 (23 August1972)

An Eight-Element SBF Fan-Beam Array
AFCRL-TR-74-0115 (4 March 1974)
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FaNTE, R. L.

Effect of Diffusion on Laser Induced Breakdown of Gases
AFCRL-72-0479 (15 August 1972)

Receiver Noise Due to RV Plasma Sheath Turbulence
AFCRL-72-0735 (18 December 1972)

Propagation of Electromagnetic Waves Through Turbulent
Media Using Transport Theory i
ATFCRL-72-0733 (18 December 1972)

Wave Amplification und the Principle of Conservation of
Wave Action

AFCRL-TR-73-0156 (8 March 1973)

Change in Reflection Coefficient Induced by a Spot on the
Surface of a Diclectric Inside a Rectangular Waveguide
AFCRL-TR-73-0365 (18 June 1973)

Mutual Coherence Function of @ Beam Propagating in a
Turbulent Medium

AFCRL-TR-73-0566 (7 September 1973)

Radar Cross Section of Underdense Turbulent Wakes
AFCRL-TR-73-0634 (11 October 1973)

Mutual Coherence Function and Frequency Spectrum of a
Laser Beam Propagating Through Atmospheric Turbulence
AFCRL-TR-74-0079 (6 February 1974)

Frequency Spectrum of Optical Waves Propagating in a
Moving Turbulent Atmosphere

AFCRL-TR-74-0135 (8 March 1974)

Fanti, R, L., and TavLor, R, L.

Transient Signal Propagation in Lossy Plasmas
AFCRL-TK-73-0277 (25 April 1973)

Foster, M. R., IsT LT.

Microwave Breakdown Calculations that Include the Effects
of Preionization in Neon and Neon-Argon Mixtures
AFCRL-TR-73-0562 (6 September 1973)

Gocains, W. B, Jr. MaJ.

Identification of Radar Targets by Pattern Recognition
AFCRL-TR-73-0126 (26 February 1973)

Hayes, D. T,

The Calculation of Lower Bounds on the Breakdown Power
Levels of Electromagnetic-Structures
AFCRL-TR-73-0095 (7 February 1973)

Haves, D. T., Herskovirz, S, B., LENNON, ]. F., and
POIRIER, ]. L.

Preliminary Report on the Trailblazer 11 Chemical
Alleviation Flight of 28 July 1972
AFCRL-72.0640 (25 October 1972)

Hovr, F. S, Pierce, J. N., and SCHINDLER, . K.

Improved Spectrum Analysis Noise Raday Systems
AFCRL-TR-73-0279 (30 April 1973)

KatacHan, P. M., and ALTSHULER, E. E.

Tropospheric Refraction Corrections for dirborne Systems
AFCRL-TR-73:6376 (26 June 1973)
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Karas, N, V.

Microstrip Plasma Probe

AFCRL~72-0417 (17 July 1972)

Electroacoustic Probe Results Oblained in an Argon
Afterglow Plasma for a Planar Geometry
AFCRL-TR-73.-0665 (2 November 1978)

KEearns, W, ], and Siva, J. H., "sGT.

Fabrication of Elastic Surface Devices by Chemical Etching
AFCRL-72-0731 (19 December 1972)

Lexnon, J. F.

Trailblazer 11 Rocket Tests on the Reentry Plasma Sheath:
Vehicle Performance and Plasma Predictions

(Flights No. 1-3)

AFCRL-TR-73-0317 (16 May 1973)

LENNON,J. F., and Herskovi1z, S. B.

Design and Testing of @ Chemical Injection System for
Reentry Plasma Alleviation

AFCRL-TR-74-0113 (28 February 1974)

LiNpsTROM, P,, and Para, R. ].

Representation of the Electric Field of Longitudinal Waves in
a Plasma

AFCRL-TR-73-0193 (29 March 1973)

Mack, R. B., Wojcickr, A. W,, and ANDRIOTAKIS, ], ],

An Implementation of Conventional Methods of Measuring
the Amplitude and Phase of Backscatter Fields
AFCRL-TR-73-0418 (16 July 1973)

Mawroux, R. J.
Array Techniques for Limited Scan Application
AFCRL-72-0421 (19 July 1972)

An Overlapped Sub-Array for Limited Scan Application
AFCRL-TR-73-0598 (27 September 1973)

MaiLroux, R. J., and Forsgs, G, R.

Experimental Studies of a Multiple Mode Array Technique
Jor Limited Scan Applications

AFCRL-TR-73-0685 (6 November 1973)

Mavroibes, W. G., SCHOFIELD, R, A., and MAILLOUX,
R.J.

A Lightweight, Low-Profile Antenna for Airborne
Station-Keeping Application

AFCRL-TR-73-0047 (12 January 1973)

NEwBURGH, R. G., BLACKSMITH, P.,-BUDREAU, A. Jo
and SETHARES, ]. C.

Novel Acoustic and Magnetic Rotation Rate Sensors
AFCRL-TR-74-0023 (10 January 1974)
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Para, R, J.

Chemical Injection into a Reentry Plasma to Improve High
Power EM Wave Transmission

AFCRL-72-0556 (18 September 1972)

Numerical Solution of the Dispersion Relations for a Hot
Magnetoplasma with Collisions

AFCRL-72-0712 (6 December 1972)

Para, R. J., and LINDSTROM, P,

Altenuation of Longitudinal Electroacoustic Waves in a
lasma
AFCRL-TR-73-0123 (28 February 1973)

Para, R. J., and TavLor, R. L.

Comparison of the Effects of Different Transport Coefficients
onthe Nonlinear Reflection and Transmission Coefficients of
a Reentry Plasma

AFCRL-TR-73-0362 (8 June 1973)

Effects of Different Flow Field Conditions on the High Power
Transmission Properties of a Reentry Plasma
AFCRL-TR-73-0754 (14 December 1973)

PoIRIER, . L., ANTONUCCH, ]. D., and TropEa, D, H,

Performance of a Microwave Antenna System in the
Shoulder Region of a Blunt Reentry Nose Cone
AFCRL-TR-73-0656 (24 October 1973)

PoIRiER, J. L., and TroPEA, D. H.
A Simple Method of Simulating Motion and Plasma Induced
Variations in the Attenuation of Signals Transmitted from

Reentry Vehicles
AFCRL-TR-73-0650 (17 October 1973)
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Rao, K. V. N,

Linear and Nonlinear Tonks-Dattner Resonances in
Laboratory Afterglow Plasmas
AFCRL-TR-73-0094 (7 February 1978)

Rotman, W,, and MaLoNEY, L. R,, Maj.

High Power Microwave Antenna Performance in the
Stagnation Region of a Blunt Reentry Nose Cone
AFCRL-TR-78-0072 (16 January 1973)

SCHINDLER, ]. K., and Gocains, W. B,, L. CoL.

Andirborne Radar Technique for Moving-Target Detection,
Location, and Tracking
AFCRL-TR-73-0719 (26 November 1973)

SETHARES, J. C., and MERRY, ]. B.

Magnelostatic Surface Wavesin Ferrimagnets Above4 GHz
AFCRL-TR-74-0112 (28 February-1974)

SLOBODNIK, A. J., Jr.

UHF and Microwave Frequency Acoustic Surface Wave
Delay Lines: Design
AFCRL-TR-73-0538 (16 August 1973)

SLOBODNIK, A, J., JR.,and CoNwAY, E. D., DELMONICO,
R. T. (ACSI, Inc., Burlington Mass.), Editors
Microwave Acoustics Handbook ~ Vol. 1 A. Surface Wave
Velocities

AFCRL-TR-73.0597 (1 October 1973)

SzaBo, T. L., CAPT., and SLOBODNIK, A. ]., Jr.

Acoustic Surface Wave Diffraction and Beam Steering
AFCRL-TR-73-0302 (3 May 1973)
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1V Aerospace Instrumentation
Laboratory

Q

AFCRL is concerned with investigations
of the environment in which Air Force sys-
tems must operate, and its scientists use a
variety of equipment and methods for ob- ;
taining their research data. It follows that ‘
atmospheric and space probes play an im-
portant role in this mission. The Aerospace
Instrumentation Laboratory provides bal-
loon, satellite-and rocket support to other
AFCRL laboratories and also conducts re- !
search and development programs to en-
sure that the scientist has.the best vehicle
and ancillary equipment within his budget
to meet his objectives. To carry out this
work, the Laboratory’s professional man-
ning is mainly composed of engineers, both .
military and civilian.

Permanent balloon launch facilities are \
located at Holloman AFB, New Mexico, f
{Detachment 1, AFCRL), and at Chico, '
California (Detachment 3, AFCRL). Both :
detachments have a remote operations :
capability for performing flights wherever
aneed may exist. The Holloman facility has
access to the use of precision radar, optical
instrumentation, telemetry and restricted
airspace on the White Sands Missile Range,
New Mexico, which provides the opportu-
nity to conduct balloon: operations involv-
ing free fall, explosives and high altitude
tethering.

While the Laboratory’s rocket branches ,
provide support solely to AFCRL ex- ;
perimenters, the balloon branches are fre-
quently called upon to support other Air
Force organizations, the Army, Navy, and
NASA. Additionally, the Atomic Energy A
Commission’s air sampling program (Proj- i
ect Ash Can) receives its-balloon support '
from the Laboratory with flight operations

7
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conducted in Alaska and Panama as well as
at Holloman and Chico. The operational
aspects of this work are very similar to those
proposed for AFCRL's newly instituted
Stratospheric Environmental Quality pro-
gram,

During this reporting period, the
Laboratory launched 230 free and tethered
balloons. Highlights of its tethered balloon
operations were programs conducted for
the Space and Missile Systems Organization
(SAMSO) System 621B, a satellite system
for precise navigation; a series that pro-
vided for the Department of Defense, on a
quick-response basis, information on mis-
sile targeting and firing (Project Gradua-
tion Level); and a long series of flights con-
ducted at Donaldson, Minnesota, in sup-
port of the Meteorology Laboratory’s
(AFCRL) research on boundary layer ef-
fects.

Alaska was visited by Laboratory launch

- crews twice in support of the Ash Can-Pro-
gram and twice in support of AFCRL scien-
tists engaged in infrared emission studies
being funded by the Defense Nuclear
Agency. ICECAP *73B, conducted at Fair-
banks and Poker Flat, Alaska, included
both balloon and rocket vehicles. Signifi-

A recovery crew prepares to load the
700-pound ICECAP payload aboar’ the
helicopter after lifting it from the fore:.ed
area in-the background.

cant data were obtained and are reported in
the Optical Physics Laboratory chapter of
this report.

During July and August 1972, the
Laboratory launched four flights in sup-
port of the NASA Viking program which
has as its objective the unmanned soft land-
ing on the planet Mars in 1976. The
Laboratory’s participation in this national
effort was to support balloon-launched de-
celerator tests which qualified the Mars de-
scent parachute. This included not only
launching the balloons but also designing
the balloon system, and developing the
necessary electronic equipment for com-
mand and control functions. The balloons
used in _this program had 34 million cubic
foot volumes which enabled them to carry
6,000 pounds of payload to 120,000 feet.
The four balloon flights for the Viking
program were unqualified successes and
provided crucial parachute data on simu-
lated entry of the Martian atmosphere.

For years, the Laboratory has been flying
extremely delicate optical equipment on its
balloons. During November 1973 the
largest balloon-borne telescope was suc-
cessfully flown and recovered. Its 50-inch
lens acquired significant measurements of
infrared emissions from the planets Venus
and Jupiter.

Four flights carrying a laser were made
for NASA Goddard Space Flight Center,
Greenbelt, Maryland. These wers atmos-
pheric propagation experiment designed
to acquire data on the effects of the atmos-
phere-on laser transmissions. Test results
were provided to Rome Air Development
Center, Rome, New York, and the Air
Force Avionics Laboratory, Wright-
Patterson AFB, Ohio, for use in their laser
communications work.

On May 5, 1974, Project LACATE
(Lower Atmospheric Composition and
Temperature Experiment) was successfully
launched and ascended to a float altitude of
41.4 km. The experiment, designed and
fabricated by the NASA Langley Rescarch
Center, Virginia, was intended to remotely
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infer temperature and the concentration of
selected trace constituents in the 8 to 50 km
altitude range. The experiment used limb
radiance measurements taken in several
bands of the infrared spectral region to
infer vertical profiles of temperature,
ozone, water vapor, atmospheric oxides,
nitric acid, methane and aerosols, Carried
by a large thin film (0.6 mil) polyethylene
balloon, having a volume of 45 million
cubic feet (500-foot diameter), the experi-
ment successfully gathered data for a
period of 5.5 hours at the float altitude.
The Laboratory is participating in Proj-
ect GEST (Gaseous Explosive Simulation
Tests) as balloon technical advisors to the
Air Force Weapons Laboratory (AFWL),

Kirtland AFB, New Mexico. The effort |

consists of developing a system to be used

for simulating the gas entrainment and

mixing processes presentin a nuclear deto-

nation. Thirty-two-foot diameter alumi-
nized spherical balloons were designed and

their fabrication and testing monitored.
The balloons were ground-inflated with-a
detonable gas mixture of oxygen and
methane (1.5 to 1 mixtute ratio), raised toa
height of approximately 150 feet and deto-
nated, giving an-equivalent INT yield. of
1,000 pounds. The Laboratory designed
and supervised the fabrication and testing
of the spherical balloons, in addition to as-
sisting in formulating operational proce-
dures and techniques. Three single detona-
tions were successfully performed in

November and December 1973, and a par-

tially successful double detonation was exe-

cuted in June 1974. A second double deto-

nation is scheduled to take place in Feb-

ruary 1975,

The strategic posture of the United
States is extremely dependent upon the
proper functioning of early warning sen-
sors and the communications systems
which link these sensors to commandeis
and, ultimately, the commanders to the
nuclear strike force elements. The Aero-
space Instrumentation Laboratory is par-

ek o L o . O, el onlle | s

ticipating in this AFWL program as balloon
technical advisor. The program is designed
to determine hardened alternative means
of communications to existing ground-
based C-cubed systems. Among the alter-
nate systems being considered by a contrac-
tor team, two would employ balloons as a
means of deploying selected communica-
tions hardware at prescribed operational
altitudes. These balloon systems would be
carried to altitude by rockets and aircraft
and air-launched. The technical advisor
role consists of reviewing contractor team
development plans, observing develop-
ment tests and sitting as a member on a
Technical Advisory Group Panel, consist-
ing of personnel of the various laboratories
and divisions of the Air Force having ex-
pertise in the various disciplines involved.

FREE BALLOONS

Free ballocn system technology has made
progress on many fronts during the past
two years: record altitudes, improved thin
polyethylene film, better understanding of
film properties under use conditions, im-
proved-launching methods, and advanced
instrumentation, discussed under the sec-
tion on Balloon Instrumentation.

A balloon, 47 million cubic feet in vol-
ume, fabricated from 0.35 mil polyeth-
ylene, was launched from AFCRL's De-
tachment .3, Chico, California. Its record
size and record altitude reached (170,000
feet) although in themselves significant,
were not asimportantas the demonstration
that very thin: polyethylene 'film could be
made to survive the rigors of dynamic
launch- and ascent. The potentially -atas-
trophic tendency of large balloons to Je-
velop massive sails which dynamically load
the film during passage through the .ex-
tremely.cold tropopause was counteracted
by a self-opening reefing sleeve. New reef-
ing sleeve design information was gained
and subsequently used on the NASA LA-
CATE program.
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Sleeved balloon in reelea-up position just
prior to launch.

Very significant with respect to future
high altitude balloon flights was the de-
velopment of more uniformly balanced
tensile properties in 0.35 mil polyethylene
film. Continuous encouragement of the
vendor toward this end resulted in a 0.35
mil film at least an order of magnitude
superior to previous attempts.

Contracted research was successful in
demonstrating the truth of an- in-house
postulation that polyethylene film cold brit-
tleness is not a film property as such, butisa
directionally sensitive film property. Ex-
amination of films from batches that were
used'in good balloons on the one hand and
poorly performing balloons on the other
hand showed the-ductile brittle transition
point of the latter film to be about 15 de-
grees warmer than the other, a significant
distinction.

The principal problem associated with
large gross load balloon systems is launch-
ing. The two usual techniques are the plat-
form launcher (dynamic) and the tandem
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method (relatively quite static). The tan-
dem method does not fully utilize inherent
material and design strengths while the
dynamic method introduces large, unpre-
dictable (insofar as both orientation and
magnitude are concerned) dynamic forces
on the balloon structure. A method of infla-
tion and static launch utilizing an unre-
strained, cloth-sleeved balloon has been
successfully  demonstrated with a
*.000-pound payload. This method should
significantly.extend the potential payload-
aititude capability of single-cell free bal-
loons.

TETHERED BALLOONS

Today the altitude capability of tethered
balloons which carry useful payload
weights is on the order of 15,000 feet. This
capability allows many scientific and mili-
tary applications of these balloons. If the
capability could be increased to much
higher altitudes, say above 50,000 feet, and
the balloon could survive the environment
in getting there, the Air Force would have a
station-keeping platform with many-more
scientific and military applications. With
this as a goal, the research and develop-
ment work in ‘ethered ballooning is basic-
ally that of searching for and .esting new
materials, both for the balloon and for the
tether cable,-that-have high strength, light
weight and ability to withstand the envi-
ronment. At the.same time the Laboratory
conducts many tethered balloon operations
for Air Force and DOD purposes.

Fibers of Kevlar, a new synthetic mater-
ial, are being woven in two different pat-
terns for evaluation as the strength mem-
bers for large balloons. A new concept in
weaving, called triaxial or Doweave, has
been laboratory tested and will be flight
tested as the basic material for the hull of a
45,000 cubic foot aerodynamically shaped
balloon. Also as part of this development
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program, Kevlar fibers are being mixed
with Dacron fibers to form a ripstop-type
weave pattern. This material will be ccated
with polyurethane for use in the fins of the
balloon. These materials offer high
strength for minimum weight, the ideal
combination for high altitude balloons.
-The physical characteristics of various
kinds of tether cables are continuously
being investigatez 0 optimize this impor-
. tant part of weihered balloon systems. Ca-
bles made of steel or synthetic fibers, such
as Dacron, are currently in operational use.
Short lengths of cable using Kevlar fibers
have been laboratory tested, with excellent
results, and will be flight evaluated in the
near future. Studies have shown that if
tether cables can be developed using the
theoretical properties of Kevlar, it will
overcome one of the limitations which pro-
hibits flying tethered balloons to 50,000
feet and above.
Numerous instrumented flights have
been made to-determine the stability of

tethered balloons and payloads under vari-*

ous wind conditions and suspension con-
figurations. Reports are being written
summarizing these test results.

A wide variety of projects using tethered
balloons have been supported during this
reporting period. Components of a satellite
destined for use in a Global Navigation Sys-
tem (SAMSO System 621B) were flight
tested from a tethered balloon. The
tethered balloon proved to be an inexpen-
sive test-bed which simulated satellite con-
ditions, yet permitted recovery and repair
of components as necessary. During the
summei of 1973, the second phase of a
project sponsored by the AFCRL
Meteorology Laboratory was conducted at
Donaldson, Minnesota. The purpose of
these tests was to measure various parame-
ters of the earth’s boundary layer by sus-
pending sensors at various levels along the
cable of a balloon. The scientific results of
this project are-given in the chapter on the
Meteorology Laboratory.

MOOANG MASH

SALLOON

The Hugo 11 tethered balloon system in its
moored configuration,

The HUGO II Wind Data System is one
of the more interesting items developed in
the tethered balloon area. It .s a mobile,
self-contained system which measures at-
mospheric temperature, pressure, wind
speed and wind direction at selected al-
titude levels. Development was undertaken
in support of the Air Force Weapons
Laboratory’s TORUS. Electromagnetic
Pulse Simulator Program. .

HUGO II employs a 30,000 cubic foot
heliume-inflated, ballonet balloon of British
manufacture. It is a rugged (Neoprene-
coated Nylon) and aerodynamically stable
balloon, sized to maintain a normal flight
altitude of 2,000 feet above ground level
while supporting over 400 pounds of
payload. (Since ground level can be as high
as 6,000 feet, the balloon may be flying as
high as 8,000 feet above mean sea level.)
The gross weight of the flying system (bal-
loon, payload, tether) is 1,250 pounds.

The payload consists of a balloon control
unit (BCU), three sensor stations, four
high-intensity warning lights and numer-
ous cloth pennants—all attached to the bal-
loon or the tether line. The radio-equipped
BCU relieves balloon overpressure au-
tomatically or on command, and, in case of
emergency, will dump the helium and sever
the tether line.

The HUGO II makes atmospheric
measurements with three aerodynamically
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shaped sensor units called Aerosondes.
Battery-powered and hung from grick-
disconnect mounting brackets, they can be
moved to any desired tether line location.
Sensor data are transmitted (upon inter-
rogation) at 2280.5 MHz to the ground sta-
tion for display and recording. (Ground
level winds and temperature are measured
by a separate pole-mounted sensing sta-
tion.) The wind speed and direction sensor
of the Aerosonde (developed at the Univer-
sity of Wisconsin) has a unique wind direc-
tion unit which senses changes in the earth’s
magnetic field as the anemometer cups ro-
tate.

The HUGO II system is packed on a
flatbed trailer for over-the-road transport.
An all-weather shelter on the trailer con-
tains the command transmitter, the record-
ing instrumentation and a working area for
the crew. The balloon and flight gear are
stored in external compartments. Power to
the ground station is supplied by a gasoline
engine generator. The hydraulically con-
trolled winch for the 3/16-inch-diameter,
6,000-foot steel tether cable is also powered
by a gasoline engine.

A folding mooring mast is used, in com-
bination with a dolly, to secure the system
between flights. When moored in this way
the HUGO 1II balloon successfully with-
stood gusts of over 45 knots, in December
1972 at Holloman AFB.

In the course of development the HUGO
II System underwent three series of tests
covering all of its intended functions.
These tests; which saw the incorporation of
several field-proven design improvements,
were successfully concluded in December
1973.

POWERED BALLOONS

For several years, the Laboratory has been
investigating the concept of adding a pro-
pulsion source to a free balloon so that high
altitude station-keeping could be accom-
pfished. Basic feasibility and parametric

Launch of the powered balloon on its test
flight.

studies were completed which indicated
that such a system was feasible, and a plan
for a demonstration flight was submitted
and approved under the AFCRL Labora-
tory Director’s Fund. The powered balloon
system (POBAL) was flown over White
Sands Missile Range on September 16,
1972. The flight was partially successful
with the system obtaining airspeeds in the
range of 7 to 15 knots. It used batteries to
power a 12-horsepower electric motor, a
30-foot diameter propeller, and a 711,000
cubic foot volume round balloon which
flew at 60,000 feet. A structural failure in
the Y-foot-high rudder, however, limited
the flight duration to three hours. The sys-
tem did demonstrate that it is feasible to
power a balloon against the wind at high
altitude.

Two follow-on contractual efforts are
underway for an advanced powered bal-
loon system known as POBAL-S. It uses a
streamlined, stern propelled balloon which
reduces drag to a value much less than that
of POBAL. The system has a design speed
of 16-knots at 60,000 feet for 2 seven-day
duration with a 200-pound useful payload.
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A fuel cell power source that can supply 30
volts and 96 amperes on a 100 percent duty
cycle for seven days is required and the
allowable weight for the entire system in-
cluding tankage and fuel is 500 pounds.
Such a system is available commercially,
and will be adapted for use in the system.

The POBAL-S design cffort is being
completed under contract. Hull configura-
tions, power sources, altitude change de-
vices, navigation devices and launch tech-
niques have been studied. Based on the re-
sults, drawings are being completed for the
POBAL-S system.

AIRCRAFT-LAUNCHED HIGH-ALTITUDE
BALLOON SYSTEM

In-house studi s and investigations leading
to the preliminary design of a.prototype
aircraft-launched high-altitude balloon sys-
tem (ALBS) were carried out. The ultimate
goal of this research is an operational capa-
bility to deploy and inflate in mid-air bal-
loon platforms capable of supporting
payloads of up to 1,000 pounds for 24
hours at altitudes of 80,000 feet or higher.
This capability will enhance the effective-
ness of Air Force missions whose mode of
operation requires the rapid availability of
‘Tow cost substitute satellite systems, such as
the TRI-TAC Multi-Mode Transmission
System (478T). In the course of the inves-
tigations, certain technical problems were
identified, whose solution is essential, such
as designing the cryogenic storage system
for maximum efficiency and safety, choos-
ing the most effective and desirable method
of vaporizing the cryogen and warming the
gas quickly to ambient temperatures, de-
termining optimum balloon materials and
balloon deployment procedures, and sizing
system decelerators. Work towards resolv-
ing these problems was initiated through
additional in-house studies and laboratory
experiments.

Meetings were held with representatives
of the TRI-TAC SPO at ESD and with rep-
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resentatives of Headquarters Tactical Air
Command (TAC) relative to the applicabil-
ity of the ALBS and various other
Lighter-Than-aAir (LTA) systems to the
Multi-Mode Transmission System airborne
relay requirement. These meetings led toa
jointly funded (ESD and AFCRL) project
order to the Cryogenics Division of the Na-
tional Burcau of Standards to conduct
laboratory tests of cryogenic storage and
heat transfer techniques advocated in an
AFCRL in-house report (AFCRL-TR-73-
0633). The National Bureau of Standards
began work on the project order in May
1974 and will require one year for comple-
tion. In the meantime an analytical study
was undertaken in-house at AFCRL to ex-
amine more critically the ability of air-
launched balloon systems and other high-
altitude LTA vehicles to meet the projected
trizservice needs of the Multi-Mode
Transmission System for an operationally
useful backup relay platform.

BALLOON INSTRUMENTATION

Many improved specialty products were
designed, developed and flight tested spe-
cifically for flight control and data systems
associated with free, tethered and powered
balloon operations. The scope of the design
effort ranged from sub-miniature plug-in
modules to circuit board sub-assemblies, to
complete instrumentation systems and
some independent piggy-back hardware.
_ Balloon-borne instrumentation for con-
trol of particulate-debris atmospheric sam-
plers and for telemetry of in-flight per-
formance has been developed. The major
system modular components are a control-
ler, frequency-sensitive data encoder and a
backup controller. The controller is de-
signed to handle the normal flight salety
and balloon control functions as well as the
operation-of atmospheric sampling equip-
ment. ,
Work has continued in updating and up-
grading the performance capabilities of
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routine flight equipment modules in an ef-
fort to expand functional utility and relia-
bility. An cxample of this is the new
18-channel  balloon command tone
generator which provides time-sequenced
command tone intelligence encoding for
high frequency (HF) command transmis-
sions from ground stations to remotely lo-
cated free floating balloon instrument sys-
tems. The implementation of the new tone
generator will expand and improve balloon
command capability. Its 18 primary, se-
quenced commands and six backup, non-
sequenced commands double the existing
HF command capability.

A new in-house developed COS-MOS ad-
justable timer module for flight safety and
ballast drop hold-off is another improved
basic flight system component available for
inclusion in special design applications. It
can be set to any duration between 0 and 99
hours irf one-hour increments for flight
termination and 0 to 9 hours for safety and
ballast hold-off by convenient miniature
rotary switches on the timer case. The new
timer yses a crystal-controlled oscillator for
the basic clock with an accuracy of 50 ppm.
Advantages of the digital timer are very low
powerdrain, and it resets every time power
is interrupted. Therefore, no test time has
to be included in the programmed timer
setting. The new timer weighs one pound,
compared to the 4% pounds of the previous
timer design. High reliability, high noise
immunity, low power integrated COS-MOS
Medium Scale Integration (MSI) circuits
are uscd throughout. -

A pulse Morse Code modulation data-
acquisition encoder was designed and de-
veloped. This eight-channel digital data
system resolves a five-volt input signal into
512 equal parts. These 512 parts are trans-
formed into a Morse Code. This makes a
nine-bit binarv word where a logical 1 rep-
resents a dash and a O represents a dot. The
encoder output is transmitted back to the
ground control station. Information such
»s altitude, pressure, temperature or any
parameter that can be represented by a vol-
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tage or a resistance can be telemetered over
sky wave distances.

Considerable cffort has been expended
in improving free-balloon tracking
methods. Scveral types of beacon trans-
ponders for balloon flights have been inves-
tigated. In addition to meeting FAA flight
safety requirements, the transponders, to-
gether with the FAA Air Traffic Control
(ATC) radar network, have provided a val-
uable and accurate means of locating the
position of balloons to within approxi-
mately one mile.

The primary problem encountered in
the use of transponders is operation at high
altitudes (to 160,000 feet). Small light-
weight commercial aviation units require
that a special pressurization case be built to
house the entire receiver-transmitter unit.
Heavier military units such as the RT-859

An interesting aspect of the sampling opera-
tions conducted at Panama and Alaska is that
the equipment is “air snatched” by C-130 air-
craft — otherwise recovery would -be ex-
tremely difficult because of the surface fea-
tures of the two locations. Here, a sampling
payload is being winched into the aircraft.
This particular payload consisted of adirect
flow sampler, located at ten o'clock and a car-
bon 14 sampler located at nine o'clock.
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[APX-72 which contain pressurized trans-
mitter compartments have been success-
fully used. For comparison purposes, the
weight of a commercial light aircraft ATC
transponder system for balloon use includ-
ing batteries for 24-hour continuous opera-
tion is approximately 15 pounds, while the
weight of the military equipment is approx-
imately 34 pounds. The military equipment
has the obvious advantage of available
maintenance and replacement support
from the Air Force logistics system. Further
investigations planned include the addition
of mode C altitude reporting sensors to the
balloon-borne transponder system.

A third generation balloon locating in-
strument using VHF Omnidirectionai
Range (VOR) navigation has been de-
signed, developed, fabricated and tested by
the Laboratory. The results have been out-
standing and this design is destined to be-
come a routine component of scientific free
balloon systems that require positive in-
flight position or track data over long dura-
tions for precision profile control. This in-
strument takes advantage of the latest
technological advances, especially in the in-
tegrated circuits field. COS-MOS circuits
are used wherever possible. This technol-
ogy provides high noise immunity, mi-
cropower dissipation and MSI in a single
package. The result is a low power drain
instrument. The accuracy is 0.5 degree
over a temperature range of —40° C to
+55° C,

Plotting VOR fixes on aeronautical
charts and triangulating a position is slow
and tedious. It requires one person for the
entire duration of a balloon flight. In its
operational form, the new system will
utilize an automatic plotter operating in
conjunction with a mini-computer to au-
tomatically fix the position of the balloon.
This capability is currently being de-
veloped. When put into operation, it will
allow the code copier to feed the Morse
Code bearing information directly into the
computer. The computer will convert the
Morse Code into bearing angles and com-
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pute the corresponding latitude-longitude
position of the balloon. This position will be
fed directly to the plotter and automatically
marked on a map. Any type of map will be
usable with this plotter as long as the scale is
accounted for in the computer program.

In order to provide a world-wide balloon
tracking capability at minimal cost, the
VOR balloon:locating system will be com-
plemented by an Omega tracking system in
areas where no VOR coverage exists. An
Omega balloon tracking system has been
developed and is ready for flight test as
soon as the Omega network becomes usable
over our major area of geographical in-
terest.

The Omega System is a hyperbolic
navigational aid which presently uses four
stations located in the Northern Hemi-
sphere. This system lays down a hyperbolic
grid oflines of position that can be used for
navigation, position fixing, and the estab-
lishment of time and frequency references.
Four additional stations to complete the
complement of eiriit Omega stations are
planned, and with these installations, com-
plete global coverage of the Omega System

will be achieved. The present stations are -

located in Norway, North Dakota, and
Trinidad and Hawaii. The expansion plans
for the Omega System call for establishing
stations in the West Pacific, South America,
the Indian Ocean and in Australia.

Navigation is accomplished through the
reception and phase comparison of signals
from three or more stations with respect to
each other, or three stations with respect to
a stable oscillator. After obtaining phase
differences between three stations, geo-
graphical position may be determined by
plotting on an Omega chart, or through
calculations.

HIGH-ALTITUDE BALLOON SAMPLING
PROGRAM

The U.S. Atomic Energy Commission’s
program for measuring upper atmospheric
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nuclear debris collected by balloon-borne
filtering devices has been in continuous op-
eration since 1956. Beginning in July 1972,
3 these sampling operations were conducted
1 by the Aerospace Instrumentation Labo-
ratory.

In the spring of each year, an annual
sampling cross section is made beginning at
Albrook AFB, Canal Zone, in March, then
proceeding to Holloman AFB, New Mex-
ico, in April and concluding at Eielson
AFB, Alaska, in May. Sampling is normally
conducted at altitudes of 70,000, 80,000
and 90,000 feet above mean sea level
(MSL.) However, in 1973 additional sam-
pling was conducted at altitudes of 105, 000
and 120,000 feet MSL. At Holloman AFB,
sampling is conducted on a quarterly basis
at altitudes of 70,000, 80,000 and 90,000
feet MSL. Research and development
flights to update the sampling hardware
and to qualify a nitric oxide sensing system
for flight were also accomplished during
this reporting period.

RESEARCH ROCKETS

The Aerospace Instrumentation Labora-
tory participates in environmental research
using rockets in two ways. First, the
Laboratory has overall management of the
rescarch rocket probes and is directly in-
volved in the vehicle selection, the design of
payload packages, the launch and the data
acquisition for each probe. Second, the
Laboratory conducts engineering research
in several disciplines to permit new or up-
graded experiments to be conducted.
During the reporting period, the
Laboratory was responsible for the launch
of 93 rocket vehicles from various parts of
the globe. Twenty vehicles were launched
from the NASA Wallops Flight Center,
Virginia; 19 from Eglin AFB, Florida; 18 o ,
from Poker Flat ¢esearch Rangc, Alaska; ’I.‘hc H| Star [)il)’l?ﬂ(l‘ in its ﬂl‘ghl coni‘lg.ur'a-
16 from Churchill Rescarch Range, Man- ke whiltho TR sonsor s depioyed for e
: ployed for the
itoba, Canada; 15 from White Sands Missile ~ mapping mission.
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Range, New Mexico; four from Barriera do
Inferno, Natal, Brazil, and one from Van-
denberg AFB, California.

Sixty-nine of these rounds were complete
successes and ten additional returned par-
tial data, giving an overall 85 percent suc-
cess rate in returning data. The 14 failures
were equally divided between payload and
vehicle problems. Thus, the overall vehicle
system success was 92 percent.

Of the 93 rockets flown, 68 were of the
small vehicle workhorse class—that is,
payloads up to 250 pounds with apogees
from 100 to 200 km. Nineteen were in the
large vehicle class carrying 400 to 800
pounds from 150 to 250 km. Six missions
used high-performance rockets. Two were
reentry vehicles and four reached apogees
greater than 500 km.

Many of the payloads were designed to a
sophistication seldom encountered in years
past. In the area of cleanliness alone, zero
outgassing and zero pieces ejected became
a reality for some payloads. Eleven
payloads carried full inertial attitude con-
trol systems and achieved a 100 percent
success record. Twenty payloads were re-
covered in 21 attempts, including two from
water and eight under arctic conditions.

The versatility of the Laboratory’s family
of vehicles is indicated by the range of
payloads carried—6-inch diameter, 26
pounds,-to 22-inch diameter, 780 pounds
—and the range of apogee achieved, 90 km
to 625 km. Most of the payloads flown were
in support of AFCRL scientists’ in-house
research-projects. Highlights of these and
other agency-funded programs show the
scope of these efforts.

CHASER: The fourth and last vehicle of
the Chaser program, reported on in our
last period, was flown successfully from
Vandenberg AFB, California, in October
1972, The . erobee 170 vehicle flew a nom-
inal trajectory, sensors were exposed and
succeeded in tracking the target missile,
after which the payload was retrieved from
the Pacific. Because of the success of this

The Chaser payload aboard the recovery craft
after retrieval from the sea at night.

program, a more sophisticated follow-on
effort is now in the planning stage.

HI STAR: Another program reported on

in our last period continued.with launches.

of Aerobee 170’s from White Sands Missile
Range, New Mexico, in August and De-
cember 1972, bringing the total launched
to seven. Both of these IR mappings of the
celestial sphere were successful and the
payloads were recovered for re-flight.
These flights completed the mappingin the
Northern Hemisphere. Both payloads
were refurbished and shipped along with
three Aerobee 200 vehicles to Woomera
Rocket Range, Australia. Launches are
scheduled for September 1974. One of the
first two payloads recovered will be field
refurbished to fly the final mission. This
field refurbishment will be a first for the
Laboratory.

HI HI STAR: This program is an attempt to
map the IR sources with greater sensitivity
and accuracy than the earlier Hi Star. The
large size of the liquid helium-cooled dewar
necessitated packaging the instrument
looking aft in a 22-inch diameter nose cone.
After powered flight, the 780-pound
payload is separated from the vehicle and
oriented by the attitude control system for
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its mapping mission. Following reentry into
the atmosphere the recovery parachute is
deployed from the nose cone. If the
payload were allowed to impact in this con-
figuration the aft pointing instrument
would impact first, possibly suffering dam-
age. Therefore, a payload inverter system
was designed- that iiverts.the payload end
for end while it is descending on the
parachute, insuring greater protection for
the instrument. The first launch was con-
ducted from White Sands Missile Range in
February 1974. A propulsion problem in
the Aerobee 350 caused this engine to shut
down prematurely, resulting in a reduced
apogee. However, some scientific data were
recorded and all support systems func-
tioned properly, resulting in an instrument
recovered in excellent condition for reuse.
Four additional flights are planned in this
program.

HAVE MERLIN: HAVE MERLIN was a
concentrated program to launch a series of
chemical payloads ina short time span from
Eglin AFB, Florida. The Armament De-
velopment Test Center at Eglin had phased
out vertical probe activity and reassigned all
launch support personnel. Although this
Laboratory has on occasion launched its
own rockets from expeditionary type sites,
this was the first time the Laboratory was
totally responsible for all preparation and
launch activity at an established site. The
Laboratory put together a crew that suc-
cessfully launched nine vehicles in 48
hours, seven of these in a 24-hour period.

ICECAP: Eighteen payloads have been
launched in this program conducted for
the Defense Nuclear Agency at Poker Flat
Rocket Range, Alaska. The majority of
these have been concentrated in two series
in February and March of both 1973 and
1974. Six vehicles were launched in
ICECAP '73 including two 600-pound
complex payloads. One contained an ultra
clean LWIR spectrometer that featured an
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alligator-like recloseable nose cone en-
abling the sensor to be exposed without
cjecting any hot pieces from the payload
and providing protection from impact
damage for the instrument during recov-
ery. Both of these payloads employed an
inertial ACS and were recovered.

ICECAP '74 saw these refurbished in-
struments flown again in a six-rocket pro-
gram. A new instrument, HIRIS, a la-ge
helium-cooled IR sensor, was flown for the
first time. Each of these three payloads had
grown to over 700 pounds. In the time be-
tween these programs, the Laboratory de-
veloped a new soft-landing recovery system
to insure undamaged return of the instru-
ments. This system benefited greatly from
the recovery system developed for Hi Hi
Star, using the same final stage decelerator,
a 46-foot diameter “Paraform” parachute.
A payload inverter system was also de-
veloped for the HIRIS mission. The
Laboratory coordinated and took an active
part in the launch and successful recovery
of all five payloads under the hostile arctic
conditions. At present the Laboratory is in-
volved in the planning of the ICECAP '75
program.

ALADDIN ‘'74: In cooperation with the Na-
tional Aeronautics and Space Administra-
tion (NASA), a program was conducted at
Wallops Island, Virginia, on June 29-30,
1974 to permit correlative measurements
of 2 number of environmental parameters
by various techniques. Some 50 research
probes were launched, of which 17 were the
responsibility of AFCRL. This was the
largest concentrated sounding rocket
program ever conducted and AFCRL’s
participation was also its largest. The
Laboratory was responsible-for total inte-
gration of five payloads and provided flight
telemetry systems for ten others. The only
recovery system flown was provided by:the
Laboratory, employing a Sandia-developed
ram air-filled, decelerator-flotation system.
An AFCRL scientist was Project. Scientist
for the entire program while this Labora-
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tory was assigned engineering coordination
responsibilities in areas of launch schedule,
data acquisition and build-up facilities re-
quirements. Laboratory personnel worked
closcly with the NASA Wallops Flight
Center over a period of two years culminat-
ing in the launch of 54 rockets in 24 hours,

CASTOR-LANCE: In support of an IR
layering experiment, the Laboratory was
required to provide a vehicle for a high
altitude launch near the equator. Castor
and Lance motors were sclected from avail-
able hardware, modified for sounding
rocket flight, and launched from Brazil on
May 25, 1973, resulting in a successful ex-
periment.

In-house aerodynamic analyses includ-
ing performance, drag and loads were con-
firmed in the operational test.

NIKE-MALEMUTE AND TERRIER-MALEMUTE:
NASA, Sandia Laboratories and AFCRL
Jjointly funded the development of two new
vehicles for studies requiring high altitude
or a maximum of time out of the sensible
atmosphere.

The requirements established jointly
were to carry 68 kg to 500 km and 68 kg to
700 km. A new motor was developed using
a flight-proven motor case from a military
weapon and proven propellant from a dif-
ferent weapon program. The new motor,
tagged Malemute, was static fired success-
fully. Vehicles using the Nike or the Terrier
as boosters and-the Malemute as an upper
stage meet the design requirements. Flight
tests will be accomplished after this report
period.

DISPERSION CONTROL SYSTEM: The usual
sounding rocket is a free-flight vehicle sub-
ject to variation from its predicted flight
path as a result of atmospheric density and
winds, thrust misalignments, and of air
frame manufacturing errors. With due
care, these variables can be held to reason-
able limits, but the rocket impacts at some
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distance from the aiming point. This dis-
tance, defined as dispersion by the sound-
ing rocket fraternity, is primarily due to
rotation of the velocity vector in response to
perturbations from the forecast values.
This pointing error, generated early in
flight, operates for the remainder of the
vehicle flight time. With vehicles of high
performance, the dispersion becomes too
large to permit safe operation at some
launch sites. A control system has been de-
signed for the Paiute Tomahawk to
minimize dispersion. In concept, an on-
board gyroscope measures.the difference
between the actual flight path and the de-
sired flight path. This error is electronically
processed to give command signals to small
fins projecting from the payload skin. The
fins are driven to redirect the vehicle thus
minimizing the dispersion. Studies and de-
signs are complete, hardware is in pro-
curement, and a flight test planned for
February 1975.

RESEARCH SATELLITES

In recent years the Laboratory has been
responsible for technical management of
research satellites and has designed and
fabricated the spacecrafi. One of these, the
OV35-6, a small satellite designed to meas-
ure solar radiation, was flown piggyback on
a Titan III in May 1969 and achieved an
orbit of 10,000 by 60,000 nautical miles. At
the time of this report, all systems were still
working well and the satellite had exceeded
its 18-month design life by a factor of more
than 3. This is the only research satellite
collecting scientific data outside of the
carth’s magnetosphere. These data are
being analyzed by scientists of the Space
Physics Laboratory.

Present involvement in the satellite area
is the provision of technical and engineer-
ing assistance to AFCRL scientists who
conduct experiments on a piggyback basis.
The Laboratory serves as technical focal
point for these programs and' interfaces
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with the military program office and the
spacecraft contractor. Laboratory en-
gineers conduct environmental and elec-
tronic tests to certify the experiments and
coordinate integration and test of the in-
struments at the satellite ‘manufacturer’s
plant. Assistance is provided from experi-
ment conception through data collection.
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\'} Space Physics Laboratory

Air Force systems which operate in the
near-earth space environment are subject
to a variety of effects as a result of their
interaction with the environment. Near-
earth space is a varying environment, and
the fields and particles of which it is com-
posed vary diurnally, seasonally, and, in
particular, in response to activity on the
sun. Such variations or disturbances dis-
rupt and degrade communication systems,
surveillance systems, detection and track-
ing systems, and interfere with the opera-
tion of clectronic.devices and detectors on
satellites.

The Space Physics Laboratory conducts
research on the near-earth space environ-
ment to understand the behavior of that
environment and to define its parameters
for the purpose of providing satellite de-
sign criteria, and of developing a capability
to predict disruptive disturbances. Thus,
this Laboratory’s-research program studies
the varying magnetic and electric fields in
the magnetosphere, and the particle fluxes
and distributions occurring in that region
of space in which Air Force satellites oper-
ate. The research involves experimental
and theoretical efforts. Data are obtained
through ground-based observations and
from instrumentation on rockets and satel-
lites. Considerable theoretical effort is ap-
plied to the development of a useful model
of the magnetosphere which can be used to
cope with the real problems experienced by
Air Force systems operating in or using the
near-earth space.environment.
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ENERGETIC PARTICLE RESEARCH

Energetic particle fluxes limit space opera-
tions. By depositing energy in the carth’s
atmosphere, ionizing and heating the am-
bient gases, particularly at high latitudes,
they degrade, and sometimes inhibit, the
operation of systems which rely on long-
distance propagation of electromaguetic
radiation. The increased Air Force ut, za-
tion of space-borne sensor and communica-
tion systems has demonstrated require-
ments for better knowledge of particle data
atall altitudes. Systems operate from orbits
low enough to be affected by high atmos-
phere density changes (partially resulting
from heating due to the energy deposited
as particles are stopped) up to synchronous
altitude where the mean free path of parti-
cles is so long.that electric charging due to
impact of particles permits sizable charge
build-up which produces electrical inter-
ference.

The vaiiety of effects which are of in-
terest channels our investigations into the
studies of a variety of particles of different
types and energies. Studies during the re-
porting period have included proton and
electron populations from 50 eV to hun-
dreds of MeV, and toa lesser degree, alpha

b tRONTAT
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AFCRL components aboard the SCATHA
§§pacccraft Charging at High Altitudes) satel-
ite,
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particles and heavy particles in the 1-100
MeV per nucleon range.

The motion of charged particles is af-
fected by both electric and magnetic fields.
Magneticfields can only affect the direction
of motion and thus deflect particles from
some volumes and concentrate them in
others, while electric fields can, in addition,
modify their energy. The relatively stable
terrestrial magnetic ficld consequently
tends to exclude low energy in-flowing par-
ticles from cquatorial regions and to con-
tain those particles already in orbit near the
carth in a restricted region, i.e., the so-
called Van Allen belts.

High solar activity not only brings solar-
produced particles to the earth but also
changes the electromagnetic field config-
uration, which modifies the resident parti-
cle populations. Systems designed to oper-
ate properly in the average particle envi-
ronment experience malfunctions or
anomalous behavior during and after ex-
treme solar activity. The malfunctions of
DSCS sateliites occurred predorminately
during magnetic substorms and were ap-
parently caused by the influx of plasma
from the earth’s magnetotail to synchron-
ous altitude.

AFCRL’s program of solar energetic par-
ticle study includes both direct acquisition
of solar particle data on USAF satellite-
borne sensors and its subsequent analysis
and theoretical model studies of solar parti-
cle propagation in the interplanetary space
and in the magnetosphere. Models of solar
proton events, particularly the intensity
expected at the earth, are developed. These
models are used by Global Weather
Central-Air Weather Service (GWC-AWS)
to predict the intensity of particles as a
function of time from observables available
to- GWC either from satellite-borne or
ground-based sensors.

Studies were continued of the energetic
particle propagation through the mag-
netosphere and studies of particle access to
the earth’s surface, particularly the polar
caps where they lead to Polar Cap Absorp-
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tion (PCA) events, which disrupt communi-
cations. The geomagnetic field allows
energetic charged particles to reach the
carth only over limited regions, the extent
of these regions being determined by the
rigidity of the particle (i.e., momentum per
unit charge). Early work in calculating the
limit of particie rigidity accessibility (cutoff
rigidity) used geomagnetic field models of
the internal field alone; more recent work”
has used a magnetospheric model that in-
cludes external currents on the boundary
of the magnetosphere and the magneto-
spheric tail. The newer model predicts the
significant daily variation in cutoff rigidity
which occurs in the polar regions. Since
knowledge of cutoff rigidities in the polar
regions is essential for the prediction of the
distribution and extent of solar-particle in-
duced communication perturbations, a de-
tailed study of cutoff rigidities in the polar
regions was conducted. The studies led to
the conclusion that even the newer mag-
netospheric models are not adequate for
precise theoretical predictions of the cutotf
rigidities in the polar caps, and this has
since been verified by extensive satellite
measurements which used the results of
these calculations as a baseline for the
analysis of the observational data.
Although a complete analysis of particle
motion in the magnetosphere for different
energies and different locations is still for-
midable, the available magnetospheric
models are adequate for describing the par-
ticle motion at relativistic energies. From a
study of ground-level solar cosmic-ray
events, it was possible to determine the
solar-particle spectrum at relativistic ener-
gies, the solar particle intensity as a func-
tion of time, and the angular distribution
(anisotropy).o' these particles in the inter-
planetary medium. This knowledge is ira-
portant because relativistic solar particles
arrive at the earth prior to the slower non-
relativistic particles. The abundance and
depth of atmospheric penetration -of the
non-relativistic particles affect radio wave
propagation. For this reason, data from the
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neutron monitor at the Geopole Station,
Thule, Greenland, are used in real time by
the Air Weather Service to provide a warn-
ing of the presence of extremely high
energy solar particles. These data, in con-
junction with the real-time VELA satellite
data, are used operationally by AWS. Space
Physics Laboratory personnel have pro-
vided computer programs to process these
data, to identify solar particles at energies
initiating PCA events, and affecting space-
borne operational systems.

The VELA satellite system is being
phased out. To fill the gap in the data base
required by the military, AFCRL is incor-
porating the appropriate particle instru-
ments into the SOLRAD-HI satellite sys-
tem. SOLRAD-HI will become operational
in the last quarter of 1975, and will consist
of two satellites located outside the mag-
netosphere at 19 earth radii, together with
a dedicated read-out station operated by
the U. S. Navy. These data will be sent to
AWS/GWC in real time for operational use.
Software now. being prepared will allow
various military users to get maximum util-
ity from the data.

Research on prediction of solar particle
events continues with the objective of im-
proving the accuracy of the proton predic-
tion system originally developed by the
Space Physics Laboratory and currently
used by the Air Weather Service. One of the
problems addressed was the updating of
initial prediction parameters from real-
time satellite data to get a better answer to
the question: “Once a solar proton event
has been identified and the maximum in
flux realized, when will the event end?”
(i:e., when will the enhanced intensity re-
cede to a background.level?). This study
showed that.the maximum flux, which oc-
curs-early in a solar particle event, deter-
mines the equilibrium condition from
which the future decay rate and'the end of
the event can be predicted. In practice,
these predictions are continually updated
as additional real-time data become availa-
ble. These predictions are sufficiently accu-
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rate to forecast the onset, duration, and end
of PCA events.

Space Physics Laboratory scientists have
been assembling data on all previous solar
particle events with the objectives of order-
ing the data in a systematic, coherent man-
ner, and classifying the events in accord-
ance with the proton event classification
system previously developed by this
laboratory and accepted as an international
standard by COSPAR. To date, over 500
particle increases for the period 1955
through 1969- have been identified. For
each of these cvents, satellite, space probe,
and ground-based data have been ex-
amined.

The onset time, time of maximum inten-
sity, maximum flux, and duration of the
event have been identified, along with the
energy range of the detector making the
observation. This cataleg contains primar-
ily proton data; however, for completeness,
the associated solar electron data for the
current solar cycle are also included.

Preliminary analysis of the data compiled
has shown-that the classical solar particle
event is extremely rare. Much more proba-
ble is a.multiple injection sequence where
the background intensity may increase due
to the presence of an active region on the
sun, additional increases of various mag-
nitudes may result from several discrete
solar flare injections, and the particle inten-

.sity may also be modulated by transient

The SOLRAD-HI satellites. After orbital in-
Jection, the satellites will drift into widely

scparated positions cven though they have
almos, the sameorbit. )

phenomena also generated by solar activity
— often originating from the same active
region responsible for the particle en-
hancements. The separation and- identifi-
cation of each of these enhancements re-
quires the examination of data at a number
of energy levels from different positions in
space.

The solar flare phenomenon is, of
course, of interest to the scientific commun-
ity in general. Consequently, the Interna-
tional Astronomical Union and the Inter-
Union Commission on Solar-Terrestrial
Physics have sponsored a Campaign for In-
tegrated Observations of Solar Flares
(CINOF). Two scientists from the Energet-
ic Particles Branch of the Space Physics
Laboratory were named as coordinators for
the energetic particle portion of this study
in recognition of the activity of the Space
Physics Laboratory in this field. The
CINOF study was designed to conduct in-
tensive observations of the .un during June
5-29, 1972 with the objective of studying
small flares and related phenomena in the
hope that the analyses of these flares might
be somewhat simpler than the large, out-
standing events. A summary of the
available solar particle and interplanetary
observations for June 1972 was edited and
published as an AFCRL Special Report.
The most significant conclusion of this spe-
cial campaign-was that even small subflares
are extremely complex, and that there is no
such phenomenon as a “simple flare.”

The extremely strong solar proton
storms during early weeks of August 1972
were characterized as one of the most in-
‘tense ever recorded on earth. The AFCRL
sate'‘ite OV5-6 observed the time history of
the near-earth proton and alpha particle
fluxes throughout the duration of these
evenis. This satellite spends all but perigee
outside the magnetosphere and is in-
strumented with a variety of detectors in-

-cluding a proton alpha telescope measur-
ing protons from-1 to 100 MeV and alpha
particles from. 10 to 100 MeV. The data
from this event increased our understand-
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ing of such events and resulted in several
significant publications.

A somewhat less intense solar event oc-
curred October 30, 1972, Fortunately, dur-
ing this period appropriate instruments
were operating in wwo satellites. One of
these, OV5-6. was observing outside the
magnetosphere, while theother, $72-1, was
taking dar= atlower altitude above the polar
caps ard within the magnetosphere. These
data psermitted us to study the transmission
characteristics of particles from outside to
inside of the-magnetosphere. Analysis of
the polar data resulted as well in the estab-
lishment of improved upper limits to the
production of deuterons and tritons by the
sun.

The §72-1 satellite, when traversing
lower latitudes, was used *» continue
studies of high energy trapped proton
fluxes in the South Atlantic anomaly. The
omnidirectional fluxes averaged over the
period October 1972 to February 1973
were found tobe in agreement with nuclear
emulsion-data-taken in 1961-1962 before
the “Starfish” high altitude test. Since this
time interval of 11 years is coincident with a
solar cycle, this further supports earlier
conclusions that the atmosphere controls
particle lifetimes.

The narrow angular resolution of the in-
strument:on the satellite permitted a more
accurate mapping of particle flux as a func-
tion of energy. This is especially true in the
area of the South Atlantic anomaly where
trapped particle fluxes reach their max-
imum due to the geometry of the earth’s
field. These data made it-possible to quan-
titatively relate peculiar blips observed by
the DMSP satellite optical sensors with the
energetic proton fluxes present in the
carth’s vicinity.

The proper interpretation of our data,
both in the sensors flown as well as when the
particles penetrate the earth’s atmosphere,
requires precise knowledge of energy-loss
and range parameters of the incident parti-
cles. Significant improvement in our know-
ledge of these parameters for heavy parti-

"The QOV5-6 satellite, launched in May 1969 to
measure energetic patticles emitted' by the
sun, was still in o1 bit and returning data atthe
end of the repotting period in 1974,

cles was accomplished coincident with our
instrument design. This knowledge was
also applied to the high atmosphere to re-
late our measurements to the ionospheric
parameters of interest to radar and radio
propagation.

AFCRL also parucipated in a study car-
ried out to establish the cause of anomalous
behavior of the DSCS satellite system «t
times of geophysical activity. Our ability to
analyze the data from our satellite sensors
in a timely manner permitted us to make a
significant contribution to-this study. As a-
result of this-study, spacecraft charging at
synchronous orbit has been linked to the
transport of high energy plasma particles
from the magnetospheric tail to the syn-
chronousregime. The chargirg processisa
result of the complex interaction between a
satellite and its environment. Secondary
emission, photoelectron emission, and the
ambient thermal plasma all'act to mediate
the satellite charge. Anisotropies in the
plasma sheath created by spin, velocity, and
shadowing-complicate the interaction and
influence the charge balance. During a
magnetospheric  substorm, a satellite,
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wrapped in its thermal blanket, acts much
like a capacitor immersed in a high temper-
ature plasma,

Because of the ~~~malous behavior of
military spacecraft at synchronous orbit, a
research satellite has been initiated to inves-
tigate the phenomenon of Spacecraft
Charging at High Altitude (SCATHA).
Environmental monitors aboard the
SCATHA satellite will provide data during
magnetospheric quiet and storm times. En-
gineering experiments will detect and
analyze in ..ctail the clectrical charging
phenomena. Scientific data and engineer-
ing information will be correlated to relate
cause and effect in satellite charging.

The Energetic Particles Branch will pro-
vide a complementary set of detectors to
measure the fluxes and spectra of high
energy particles. The instruments will ob-
tain energy resolution from 50 eV to sev-
eral MeV. A rapid time analysis of the
fluxes is essential to an understanding of
the transient charging effects, when the
most damaging currents would flow. An
ultimate time resolution of 2x10™ sec is
anticipated from our instruments. Design
and construction of the SCATHA instru-
ments is in process and launch of the
SCATHA satellite is expected in early
1977.

ELECTRICAL PROCESSES RESEARCH

In the earth’s upper atmosphere, from a
few hundred kilometers out to interplanet-
ary space, the dominant constituents are
charged particles consisting of equal num-
bers of electrons and positive ions. All
energy tlow into, or out of, the lower iono-
sphere is a function of the motion-of this
plasma. Atmospheric electrical processes
begin-to play a dominant role in the iono-
spheric E-region, from 90-150 km. The
work-of the Electrical Structure Branch is
directed toward studies of the dynamics of
low energy plasmas in the range 0-200 eV,
and electric fields in this ionosphere-
plasmasphere-magnetosphere system. The

effort is carried out by experimental rocket
and satellite investigations and theoretical
studies which include the modeling of
outer aunosphere dynamics and the analyt-
ical foundation of new instrumental tech-
niques.

Instrumentation development is con-
tinuing for flights aboard the SCATHA
satellite, meteorological satellites, and two
other Air Force satellites. These measure-
ments will include the first three-axis
measurements of the ambient electric field
where wire booms of 60 feet in length are
deployed by the spinning vehicle, direct
measurement of the plasma bulk flow by
utilizing greatly improved sensors of the
type originally flown aboard the Gemini X
and XII spacecraft, and measurement of
satellite clectrical charge build-up at syn-
chronous altitudes.

IONOSPHERIC IRREGULARITIES: Data from.

the first year of operation of the thermal
ion probe flown on the polar orbiting
ISIS-1 spacecraft have been used to study
small scale irregularities. Statistical studies
of the boundaries and morphology, utiliz-
ing data from more than 3,000 orbits, have:
yielded variations with season, local time
and magnetic activity. Significant differ-
ences are found in the distributions derived
from northern and southern hemispheres.
On most transpolar passes irregularities
were found to extend: across the pole,
rather than exhibiting a poleward bound-
ary,

The irregularities have also been ex-
amined using the-technique of power spec-
trum analysis. Power spectra from data
both inside and outside the dayside cleft
region (a region where the terrestrial
magnetic field configuration permits-
penetration of significant ~energetic
charged particle flux) have been obtained
and compared. In the altitude range from
575 t0 3525 km, it is found that the irregu-
larit, scale size varies from 0.2 to 100 km in
latitudinal extent. An order of magnitude
enhancement in the amplitude exists within
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Equatorial boundaries of the high-latitude ir-
regularity zones in the Northern and South-
ern Hemispheres.

the cleft as compared to lower latitude
measurements outside this region. The

spectral power variation is found to obey a-

law of the form p=pf where g in-
creases from 1.8 to 2.1 with increasing
magnetic activity utilizing Kp as a measure.
These data have been .compared with
simultaneous scintillation data, obtained at
AFCRL,to determine scale size responsible
for scintillations which degrade UHF
communications systems.

Although the ion probe results were ob-
tained in the topside ionosphere, extensive
comparisons with simultaneous-on-board
topside sounder measurements show that,
down to the minimum scale size which can
be observed with the sounder (approxi-
mately 18 km), the irregularities map down
magnetic field lines to the peak of the
F-region. These results thus represent a
statistical mapping of ionospheric charac-
teristics of the F-region.

ROCKET ELECTRIC FIELD MEASUREMENTS:
Dipole electric.field and plasma measure-
ments have been made on two rockets
flown in the E-region at Fort Churchill;
Canada, at altitudes up to 165 km. The first
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flight, 14 hours before local midnight, was
made under quiet conditions in the pres-
ence of a weak, stable auroral arc. The sec-
ond flight was flown about 2% hours before
local midnight in the break-up phase of a
storm after a 700 gamma negative bay.

The first set of measurements shows that
the vector electric field was directed south-
ward with a component perpendicular to
the magnetic field between 35 and 40
mv/meter. The component along the
magnetic field was originally -17 mv/meter
at 130 km, changing sign in mid-flight and
became +6 mv/meter between 155 and 135
km on the descent. The plasma data show
enhanced ionization and electron tempera-
ture, 1100° K in the altitude range 120 to
165 km. These relatively high electric fields
contribute to the energy input to the upper
atmosphere through Joule heating.

The measurements on the second flight
are remarkably different. The rocket
passed through a rapidly moving, irregular
auroral patch-with intensity peaks of over
80 kilorayleighs. In the altitude range of
105 to 130 km the plasma density was
6 x 10*/m® with a peak of 1.5 x 10'°/m3,
Above 130km, perhaps the upper-bound-
ary of the auroral form;-the ionization de-
creased gradually with increasing altitude
to 3 x 10°/m? at apogee (150 km) and re-
mained constant back down to 120 km. The
electron ‘temperature peaked at 1100° K
coincident-with the lower edge of the en-
hanced ionization. The ascent tempera-
tures are approximately 200° K above the:
descent values which compare favorably
with expected- neutral gas temperatures
(CIRA 1965). The vector electric fields
were small and irregular having an average
value:near zero. The-direction.of the-total
field' changed sign: at the upper boundary
of the enhanced ionization and showed:
values above this boundary of 38 mv/meter
directed west of north.

The results. of both flights confirm the
great variability of electric fields and the
plasma, -over short intervals of time, over
short distances, and under different
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Electric field components measured by a
Nike-Iroquois rocket fired into a diffuse au-
rora from the Fort Churchill Rocket Range,
Canada.

geophysical conditions which may be en-
countered in the auroral zone E-region.
They also illustrate that parallel electric
fields of magnitudes great enough to ener-
gize low energy plasma particles are an im-
portant particle acceleration mechanism
under quiescent auroral conditions. This
constitutes a significant contribution to the
understanding of high latitude current sys-
tems.

SATELUTE PLASMA STUDIES: Data from
thermal ion and electron sensors aboard
the OV3-1 satellite have been studied in the
altitude range 3000 to. 5700 km. During
magnetically quiet periods the ionization
density .is characteristically found to de-
crease monotonically with increasing L. Be-
tween L =2 and L = 3, a dependence of
average density on longitude is found with
a maximum between April and August oc-
curring at 150 degrees E and-the minimum
at 300 degrees E. At L <4, major charge

density irregularities are found on 30 per-
cent of the orbits. Comparison of density
profiles obtained on the same day at differ-
ent longitudes shows the irregularities to be
of limited longitudinal extent. It is sug-
gested that the depletions result from in-
ward shifts of sectors of the plasmapause to
lower L shells through the combined ac-
tions of electric and magnetic fields.

A study of the effect of five magnetic
storms was made in the vicinity of the plas-
mapause utilizing data from ion and elec-
tron sensors flown on the Injun V and
OGO-HI satellites. It was found that as the
plasmapause moves equatorwards during
the early stages of a storm, the thermal den-
sity gradients at the plasmapause increase.
Ionand electron temperatures poleward of
the boundary increase above pre-storm
values by 2000 to 6000° K. At the same time,
temperatures within the plasmasphere in-
crease some 1000° K over a latitude of 10
degrees equatorward of the boundary. The
decrease in density of low energy-particles
at the boundary coincides with an increase
in hyperthermal particle flux. Thése obser-
vations and the magnitude of energy trans-
fer across the boundary is in substantial
agreement with recent theoretical de-
velopments of Cornwall and Cole which in:
dicate that the interaction of ring current
particles with the relatively low energy cold
magnetosphere plasma can produce an ion
cyclotron damping mechanism for heating
environmental electrons and ions in the vic-
inity of the plasmapause.

The data obtained from the ISIS-I satel-
lite mentioned under “Ionospheéric Ir-
regularities” was also used to study the mid-
latitude trough. Frequency of occurrence
distributions of the latitude of the trough

have been obtained. as a.function of local’

time and season in the Northern and
Southern Hemispheres. The maximum
frequency of occurrence of 60 percent is
observed shortly after midnight and the
minimum of 2 percent near local noon. The
average trough width at half-depth is 4 £2
degrees of latitude. The trough is-found to
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be basically a nighttime phenomenon in the
total electron content. Knowledge of the
density gradients, width and dependence
of trough characteristics on altitude, sea-
son, and local time is of fundamental im-
portance to OTH and UHF systems opera-
tion.

GEOMAGNETISM

Magnetic activity levels control the max-
imum and minimum usable frequencies of
a high frequency communications network,
and advance assignment of a given channel
requires a knowiedge of the expected activ-
ity-levels. Aeromagnetic detection systems,
perimeter safeguards and other magnetic
devices must be operated at reduced sen-
sitivity when their detection bandwidth
corresponds to the natural frequency com-
ponents of magnetic disturbances. Another
example of the effects of geomagneticactiv-
ity is the variation in atmospheric drag ex-
perienced by artificial satellites which is re-
lated to enhanced levels of activity. As a
consequence, the orbital parameters of the
satellites can be changed significantly, thus
changing the predicted position of the
satellite as a function of time.
Geomagnetism research is-divided into
two parts: measurements, both .ground-
based and space; and theory and-analysis.
Particles and field measurements are made
using suitably instrumented rockets
launched from Fort Churchill, Canada,
during magnetic storms. Ground meas-
urements will be obtained from a mag-
netometer network now being established
within the United States. Theoretical mod-
els of geomagnetic phenomena are con-
structed to aid in the interpretation of the
data. Advanced methods of data assimila-
tion, especially high resolution spectral

‘techniques, are developed and applied to

analyze the observations.

MAGNETIC ACTIVITY ANALYSIS AND
THEORY: Several indicators of geomagnetic
activity are being studied: auroral activity,
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standard magneticindices, and geomagnet-
ic pulsations.

Auroral activity is an obvious manifesta-
tion of magnetospheric disturbances. The
Defense Meteorological Satellite Program
(DMSP) provides photographs covering a
portion of the auroral oval. These are being
utilized to verify and extend an empirical
formula currently used by the Air Weather
Service to specify the location of the entire
oval. As input data, the formula can use
cither an index related to the general level
of geomagnetic activity or the specificloca-
tion of the aurora in a portion of the oval.
Extension of the formula will include the
possibility of using photographic data on
Southern Hemisphere auroras as input for
specifying the Northern Hemisphere oval.
This would be necessary during the nor-
thern summer when auroral data are not
available from this hemisphere. The
photographs of the aurora are also being
used to determine the effect of variations in
interplanetary parameters such as solar
wind velocity and interplanetary magnetic
field direction on the size of the auroral
oval.

Among the many indicators of
geomagnetic activity are the indices scaled
from the magnetograms of selected
geomagnetic stations. Several standard in-
dices which are being intensively studied
are Ky, Ap, and Ci. K; is a quasi-logarithmic
index designed to measure world-wide var-
iations in geomagnetic activity. It is well
correlated with solar-wind speed and with
the variability and magnitude of-the inter-
planetary magnetic field. The Apindex, de-
rived from Kp, provides a linear measure of
daily magnetic activity. The Ciindex, called
the international daily character figure, is
also a'daily index but s available for all days
since 1884, whereas Ky and Ap are available
only since 1932.

Apand Kp have been analyzed statistically
to yield a geomagnetic climatology which is
used by the Air Weather Service in forecast-
ing magnetic activity. Studies have shown
that the Ap and K, distributions shift to-
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Geomagnetic data collection platform for
measurement o the X, Y, and Z components
of the carth’s magn Aic field and their time
derivatives. All data ave digitized, muli.
plexed, encoded and loaded into a storage
matiix for transmission, on command to
AFCRL.

ward higher levels when sunspot counts are
high. Accounting for this change in fre-
quency distribution from the quiet to the
active portion of the solar cycle improves
the climatology.

In recent years a new index of the polar
magnetic daily variation has come into use.
This index, called AC, has been used to
infer the sector structure of the inter-
planetary magnetic ficld originating at or
quite near the sun. Cross correlation and
superposed epoch analysis have shown
that, prior to 1960, sectors inferred 1o be
away from the sun were associated with low
geomagnetic activity as measured by Ciand
low solar activity as measured by the sun-
spot number, whereas sectors inferred to
be toward the sun exhibited significantly
enhanced geomagnetic and solar activity.
The correlation after 1960 dropped to low
values and has remained essentially zero
since. These recent results indicate the in-
accuracy of the ecarlier inferred sector
structure,

Geomagnetic pulsations have special im-
-portance in characterizing magnetic activ-
ity. Current rescarch involves the de-
velopment of techniques for analyzing pul-
sation signatures, particularly power spec-
tral estimates, and theoretical modeling of
the complex phenomena displayed by
magnetic pulsations.

Geomagnetic pulsations are low fre-
quency magnetic signals with periods rang-
ing from scconds to minutes. In the mag-
netosphere these pulsations must propa-
gate as a form of electromagnetic radiation
called hydromagnetic waves. The propaga-
tion of hydromagnetic waves within the
plasma of the magnetosphere depends
strongly on: the characteristics of the carth’s
magnetic ficld and the plasma in which itis
embedded. The typical time required for a
hydromagnetic wave to traverse the mag-
netosphereis of the order of a minute. The
resonant modes of the magnetosphere
must have the same time scale. For this
reason, magnetic pulsations are considered
to be, manifestations of the natural vibra-
tions of the magnetosphere and its several
structural components, such as the plas-
masphere, the inner magnetosphere and
the geomagnetic tail.

Geomagnetic pulsations are observed
throughout the magnetosphere. However,
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"The variation in time of a geomagnetic pulsa-
tion power spectrum provides an example of
the complex changes exhibited by geomag.
netic pulsations. These spectral estimates
were calculated by a new high resolution
technique called “the maximum  entropy
method. The burst of activity beginning at
1940 howrs is a micropulbation event indicat-
ing the occurrence of a magnetospheric sub-
storm,
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their properties can be measured more
conveniently and  ecconomically by
ground-based magnetometers than by
satellite systems. The analysis of experi-
mental pulsation data and the conclusions
based on theoretical models of hy-
dromagnetic wave propagation suggest
that geomagnetic pulsations are a sensitive
indicator of the changing state of the mag-
netosphere.

Since magnetic pulsations often appear
to be periodic, an important aspect of the
analysis is the precise determination of the
component frequencies. The principal
method of determining these frequencies is
called power spectrum analysis, which gives
the power associated with the component
frequencies. Conventional methods of
spectral analysis have been found to-be in-
adequace in providing sufficient detail. Re-
search is underway to define the properties
of a new method of spectral analysis called
the maximum entropy method (MEM).
Current results have shown that MEM pro-
duces much higher resolution than is at-
tainable with conventional spectral esti-
mates. The spectra obtained thus far reveal
structure that has never before been re-
solved. Such structure gives more informa-
tion about the pulsations and is important
in evaluating. in-house theoretical models
which have predicted complex multiplet
spectra. The results of these models are
consistent with current observations and
offer a quantitative explanation to the
latitudinal  variation of polarization
parameters and the latitude-frequency dis-
tribution.of magnetic energy.

GROUND MAGNETIC MEASUREMENTS:
The specification of magnetic activity levels
in real time and the prediction of magnetic
activity several hours into the future re-
quire the construction of a system for the
collection of terrestrial data from a number
of observing sites and the transmission of
this data to a central collection and analysis
facility. Site selection, testing, and site-use

Geomagnetic miciopulsation data collection
and wransmission netwotkacross the northern
United States and the proposed N-§ and
southern E-W nets, Allstation locations areon
government-owned land and each net lies on
aparallel of magneticlatitude oron a magnet-
ic meridian,

agreements have been completed for a
five-station East-to-West network extend-
ing from Sudbury, Mass., to Newport,
Wash., along a line of nearly constant
magnetic latitude. The initial East-to-West
network is scheduled for completion dur-
ing FY-1975 and an additional five-station
array N-S and E-W is planned for im-
plementation during Fiscal Years 1976 and
1977. Fluxgate and induction coil mag-
netometer systems and an encoding, con-
version, and multiplexing system will pro-
duce digital data at each site which will then
be sent via phone lines to the data acquisi-
tion center at AFCRL where it will be proc-
essed, recorded and displayed in near real
time. ’

Design of the fluxgate and induction coil
magnetometer systems, the digital inter-
faces, the instrument shelters, the pier cov-
ers and the data acquisition station has been
completed. Six fluxgate magnetometer sys-
tems have been built, tested, and calibrated.
Six induction coil systems have been
finished and tested and the digital data col-
lection and acquisition prototypes have
been operated successfully. Construction
of the sensor piets, instrument shelter
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foundations, and installation of power and
signal conduits have been completed at the
Selfridge ANG Base site at Mt. Clemens,
Mich., and construction is in progress at the
Newport, Wash., site. The computer and
the discs, disc controller, tape recorder and
tape controller, printer-plotter and tele-
type for the data acquisition center have
been received and acceptance and qualifi-
cation tests completed. The master time
clock, WWV receiver and receiver antenna
have also'been received. Data transmitters
and receivers (modems) have been installed
at AFCRL and at the Newport, Wash., site
and have been connected via full duplex
data phone links. Line equalization has
been completed and bit and block error
rates measured.

Each magnetic observatory has been de-
signed to operate as an unmanned station
through a sophisticated control and com-
munications system. This system is quasi-
synchronous with the sampling and trans-
mission times of each data collection plat-
form (DCP) controlled by signals transmit-
ted from the data acquisition stations
(DAS). Each DCP has its own microproces-
sor which samples the various sensors, con-
verts them to the required digital form and
then stores the data briefly in a standard
format. Every ten seconds a data frame is
sent to the DAS. A redundant ervor-
correcting code is incorporated together
with a row entry, column read-out scheme
that spreads burst errors over a number of
individual words. increasing reliability by
orders of magnitude. About 20 percent of
the data-return capability has been re-
served as spares to serve future instrumen-
tation.

Transmissions from up to ten stations
pass through hubs where they are selected
to arrive in sequence on a single line at the
DAS. This line is fed into a computer which
decodes, reformats, makes corrections
(e.g., for temperature, etc.}, converts to en-
gineering units, computes averages and
performs other related functions. The

P Y P L P T

computer output is fed to archive tapes,
real-time display, and plot storage.

RGCKET AND SATELUTE MEASUREMENTS:
Magnetic substorms at high latitudes, long
associated with communications -disrup-
tions, are generally accompanied by a
marked increase in auroral activity as well
as an intensification of ionospheric cur-
rents. Thelatter, known as the auroral elec-
trojet, typically form an East-West oriented
current band whose magnitude may be on
the order of a million amperes. Convection
patterns limited to the ionosphere alone,
such as those which give rise to the dynano
currents in the mid-latitude region and ac-
count for the solar quiet day variationin the
geomagnetic field, are not energetic
enough to produce the current intensity of
theauroral electrojet. Thus, with no source
directly available in the polar ionosphere,
the real current system associated with
polar substorms is now believed to be a
three-dimensional one, where the driving
potential is generated deep in the mag-
netosphere and is transferred to the iono-
sphere via the highly conducting path
along the lines of force of the geomagnetic
field. Implicit in this circulation system
would be a pattern of line currents, or cur-
rent sheets, both upward and downward,
aligned with the earth’s magnetic field.
Line currents to the east and west of the
electrojet would argue for its being a Peder-
sen current; sheet currents to the north and
south of the auroral band would be consis-
ten